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WASHINGTON: 
GOVERNMENT PRINTING OFFICE. 
Ie BONE: 





LETTER OF TRANSMITTAL. 


Unirep STATES DEPARTMENT OF AGRICULTURE, 
WEATHER BUREAU, OFFICE OF THE CHIEF, 
Washington, January 18, 1909. 
Sir: I have the honor to transmit herewith a Manual on Climatology and Evapo- 
ration, by Prof. Frank H. Bigelow, of the Weather Bureau, and recommend that it 
be published as a bulletin of the Weather Bureau. 
This work is the result of our experience with regard to the observations i in the 
West inaugurated for the development of the water resources branch of the Weather 
Bureau, and it is adapted to observers of the cooperative bureaus. The remarks 
on climatology are such as will enable observers to classify the problem of snow and 
rainfall in the Sierras and Rocky Mountains according to the requirements of engi- 
neers. The part of the Manual relating to evaporation contains an account of the 
formula now under trial, the methods of observation, and the tables necessary for 
executing the computations. The work will be greatly facilitated by being able to 
place these instructions in the hands of all observers so that they may cooperate 
upon the same plan. With these tables the computations on evaporation have 
been made exceedingly simple, and it is thought that our observers will be able to 
use them successfully and-to the great advantage of our research. 
Very respectfully, 
(Signed) Wiis L. Moore, 
Chief U.S. “Weiither Been 
Approved: 
(Signed) JAMES WILSON, 
| Secretary of Agriculture. 
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A MANUAL FOR OBSERVERS IN CLIMATOLOGY AND EVAPORATION. 


CHAPTER 1. 


INTRODUCTION. 


1. The Plan of Inter-Bureau Cooperation, and the U. S. Weather Bureau Instruc- 
tions No. 76, July 1, 1908. 


Climatology is generally understood to comprise simple observations of tem- 
perature, precipitation, and wind direction, taken at numerous places to determine 
the climate of a large country ‘and its subordinate localities. In the United States 
_ the observations are made as simple as possible in order that cooperative observers 
may be secured to assist the regular officials of the U.S. Weather Bureau. The 
instruments used are the maximum and minimum thermometers, the rainand snow 
gages, and the wind vane for the prevailing direction of the anna The service was 
primarily organized in the United States in the interest of agriculture, and conse- 
quently the Atlantic States, the central valleys, and the Pacific States, were first 
developed. It has been cpunienilie extended into the Rocky Mountain dieecece but 
there still remain large areas where no suitable observations have been secured. The 
recent rapid growth of the requests for information regarding water resources, as a 
result of the numerous irrigation projects, has, however, brought a special demand 
for a knowledge of the amount of rain and snow available in the mountains and 
valleys near the headwaters of the streams used for supplying the reservoirs and 
canals in the semiarid districts. On account of the lack of permanent residents in 
the remote mountain districts it is evidently an especially difficult matter to secure 
the necessary observations in these regions. Since it is the snowfall accumulated 
in drifts in the mountain ravines or packed in forests which is the real source of the 
water supply used for irrigation, it 1s necessary to concentrate attention upon the 
amount of snowfall in the high levels of the mountains of the West. It has therefore 
been thought proper to extend the operation of the Weather Bureau so as to include 
as far as practicable the cooperation of other bureaus of the Government more or 
less interested in securing and using these climatological data. Accordingly a plan 
of inter-bureau cooperation has been organized, including the U.S. Weather Bureau, 
U. S. Forest Service, and U. 8. Bureau of Plant Industry, of the Department of 
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Agriculture, and the Reclamation Service and the Water Resources Branch of the 


Geological Survey, of the Interior Department. The plan of cooperation finally 


adopted after consultation has been approved by the chiefs of the several bureaus 
and by the Honorable Secretaries of the Department of Agriculture and Interior 
Department. A copy of instructions No. 76, issued by the U.S. Weather Bureau, 
dated Washington, D.C., July 1, 1908, is added for the information of all concerned. : 


INSTRUCTIONS No. 76. 
U. S. DEPARTMENT OF AGRICULTURE. 


WEATHER BUREAU, 
Washington, D. C., July 1, 1908. 
The following plan of cooperation Petes the bureaus named therein, which has ween approved by 
the chiefs of the said bureaus and by the Honorable Secretaries of the imberior Department and the 
Department of Agriculture, is published for the information and guidance of officials of the Weather 
Bureau: 


THE WATER RESOURCES SERVICE OF THE WEATHER BUREAU FOR THE SEMIARID REGION. 


1. The Water Resources Service of the Weather Bureau for the semiarid region is designed to cover 


a new series of climatological observations and researches; (a) on the supply of water derived from the _ . a 


snow and rainfall at high altitudes in the mountains of the West for the rivers and reservoirs of the lower 
levels; (b) on the study of the evaporation of water from lakes and storage basins; (c) on the meteorological 
problems of the influence of forests on the conservation of water and the protection of arable lands; (d) on 
the meteorological conditions necessary for the growth of certain valuable plants, as-the date and fig, in 
the irrigated desert regions. 

2. The operations of this service will cover the States of Washington, Montana, North Dakota, South 
Dakota, Nebraska, Wyoming, Idaho, Oregon, California, Nevada, Utah, Colarades New Mexicn! and 
Arizona. While the control and supervision of this work will be exercised strictly by the Weather 
Bureau, it is evident that its prosecution will be greatly facilitated by cooperation with the following 
bureaus of the Government: | 

The Forest Service of the Department of Agriculture. 

The Bureau of Plant Industry of the Department of Agriculture. 

The Reclamation Service of the Interior Department. 

The Water Resources Branch of the Geological Survey of the Interior Department. 

3. In order to carry out this plan of cooperation the following organization is established. The 
Water Resources Service is placed under the supervision of the Climatological Division, which will 
have charge of the following duties: 

(a) The preparation of the instructions regarding the method of Ponne the observations, the dis- 
tribution and installation of the instruments and apparatus, the collection of the reports, the computa- 
tion and discussion of the data, and the pupeanon of the results for the use of the cooperating bureaus 
and the public generally. ; 





(b) The correspondence between the section directors and the central office regarding the work Z 4 . 


specified above, and that between officials of the bureaus of the government service mentioned and the 
Weather Bureau, all subject to the approval of the Chief of the Weather Bureau. 
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THE SUPPLY OF INSTRUMENTS AND OTHER APPARATUS. 


4. The Weather Bureau will furnish the apparatus required for the several researches. 

(a) The rain gages and snow apparatus for the mountain stations at high altitudes. 

(6) The evaporation pans, thermometers, psychrometers, anemometers, wind vanes, water gages, 
and other necessary apparatus, as breakwaters, stands, and shelters, for evaporation studies. 

(c) The self-registering instruments and other apparatus of a refined order, required for the strictly 
scientific problems on the action of forests upon water resources, besides the ordinary instruments men- 
tioned in section (b) for a limited number of stations of the Forest Service, but only when continuously 
in charge of an approved meteorologist. 

(d) The thermometers, psychrometers, and evaporation instruments, and such other apparatus as 
may be necessary for testing the availability of certain localities, limited in area, for the growth of 
special valuable plants. 


THE SELECTION AND SUPERVISION OF MOUNTAIN OBSERVERS AND THE INSTALLATION OF THE INSTRUMENTS. 


5. (a) The section directors of the Weather Bureau will use all the means at their disposal to secure 
in their respective districts competent observers for rain and snowfall in the remote districts of the moun- 
tains, especially in the snow fields where the melting snows feed the reservoirs of the Reclamation 
Service and the irrigation projects, whether governmental or private, throughout the semiarid, region of 
the West. They will forward to the central office a report showing the names of such prospective observ- 
ers, a description of their immediate surroundings, whether bleak, in the forests, or in a common, open 
country, the altitude of the station, the experience of the observer with the use of instruments, ability 
to read, write, and to fill out accurate reports, together with remarks on the available means for the regular 
forwarding of the observations. This report will largely determine the action of the office in regard to 
authorizing the issue of instruments to the observers. Proper blanks and forms on which to render the 
report will be furnished to the section directors. The observers supervised directly by the officials. of 
the Weather Bureau will send their reports to the section directors in the usual manner. 

(b) In case observers are secured by any of the cooperating bureaus, the procedure will be somewhat 
different. The cooperating bureau will submit a report substantially like that described in section (a) 
to the Chief of the Weather Bureau. A return will be made by the Weather Bureau to the bureau which 
forwarded the application, stating the places and persons that seem to be available for these observations. 
The cooperating bureau will advise its officials of the applicants accepted by the Weather Bureau, and 
these officials will be instructed to apply for the necessary apparatus at a convenient Weather Bureau 
station. The Chief of the Weather Bureau will instruct the section director to forward the required 
instruments and apparatus to an address supplied by the cooperating bureau most convenient for the 
supervisor in charge of any particular region. 

(c) The official of the cooperating bureau who. receives the instruments will give a memorandum 
receipt for them to the section director. He will distribute them to the individual observers, but will 
retain them on his property return, and be responsible to the section director for them. He will instruct 
the observer in the use of the instruments and the compiling of the report. The report will first be sent 
to the supervising official for inspection, and will be forwarded by him to the section director issuing the 
instruments, to be used in the usual manner before transmitting to the central office. In case of the 
breakage, destruction, or loss of the instruments, they will be returned, or the fact reported to the section 
center by the supervisor, and then removed from his property return in the usual way. 

(d) The section directors of the Weather Bureau and the officials of the cooperating bureaus will 
confer freely on these subjects as occasion offers, in any of the States included in this programme. 
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(e) The section directors and all other officials of the Weather Bureau will give the necessary instruc- 
tion and information regarding all meteorological matters required by officials not connected with the 
Weather Bureau, but cooperating in these projects, which may be needed by them in the performance 
of their duties of selecting the observers and installing the apparatus at any selected stations. 

(f) The chiefs of the cooperating bureaus will be requested to certify to the Chief of the Weather 
Bureau the names and official standing of those inspectors, agents, and observers who are designated by 
them to take part in these cooperative observations. 

(g) Inspections should be made.of the snowfall observers as frequently as convenient, without 
expense to the Weather Bureau, after the installation of the instruments. . 

(h) For the evaporation stations, the special forest research stations, and the plant industry stations, 
the official procedure regarding the selection of observers, the installation of instruments, the transmission 
of reports, and the property returns, will be the same as for mountain observers, except that the issu- 
ance of instructions and the SOEs will generally be directly with the central office, and not 
through the section centers. 

THE FISCAL REGULATIONS. 


6. (a) The yen they Bureau agrees to furnish the instruments and apparatus required and approved, 
and provide for their installation. 

(b) The Weather Bureau agrees to pay the traveling expenses incidental to the installation of the 
necessary meteorological instruments and apparatus, and the transportation of the By from the 
Weather Bureau office of issue to the station selected and approved. 

(c) The cooperating bureaus agree to pay the salaries of the officials of their respective bureaus 
designated to install and inspect the selected stations. 

(d) Only such traveling and incidental expenses will be allowed to the cooperating officials as are 
concerned with the installation of the meteorological stations. 

(e) The expenses incurred in connection with this cooperation shall be paid by the office that does 
the work. At the end of each quarter the various cooperating bureaus will present an itemized bill 
to the Weather Bureau for the amount incurred by the respective bureaus during that quarter, in carrying 
out the duties authorized. The cooperating bureaus will then be pom borer by transfer of this amount 
in the Treasury. : 


COMPENSATION TO OBSERVERS FOR RECORDS OF RAIN AND SNOWFALL AT HIGH ELEVATIONS IN 
THE MOUNTAINS. 


7. In view of the difficulty of obtaining reliable records of the daily amounts of rain and snowfall in 
the regions before mentioned, it has been decided to create a special class of observers for this purpose, 
to’ be designated ‘‘ Mountain snowfall @ observers,’’ who shall receive a small compensation for their sery- 
ices, as distinguished from the observers living on the lower levels and in the agricultural districts where 
cooperating observers are readily secured. These observers will be paid not to exceed $10 a month, ac- 
cording to circumstances, for daily measurements of the rain and snow fall, recorded accurately according 
to the instructions, and reported regularly on the forms supplied by the Weather Bureau. The amount to 
be paid will be determined by the report of the official who installs the station. There are similar special 
observers under pay for the cotton region, corn and wheat region, sugar and rice region, and rivers, and 
the mountain snowfall observers will form another class. The inspectors are requested to be conservative 
in their recommendation of available observers, because the records must be accurately and continuously 


aThe original designation, ‘‘ Mountain rainfall observers,’’ since changed. 














ina 


kept to be of value in meteorology. Unless the prospect for a fairly long series at a station is good, it will 
be undesirable to establish the station. After the station has been established, if it be found that tempera- 
ture readings can be provided for without too much inconvenience and expense for the installation of 
‘instruments, action may be taken to that end. 
Station regulations are amended to conform to the foregoing. 
Wiuurs L. Moore, 
Chief U. S. Weather Bureau. 


The method of procedure here designated will govern the official actions of all 
persons involved, and its terms must be carefully complied with in order to fulfill the 
necessary legal requirements under which these instructions were authorized. 

Generally speaking it is desirable to secure the services of persons living near the 
snow fields who are willing, for a small compensation, to assist the Government in 
making these important observations. The names of such persons and the necessary 
descriptive information regarding the locality wili be. placed upon Form No. 
4017—Mis., of which a copy is appended. Form No. 4017—Mis. will be used for the 
application of all observers who are to receive a payment, and Form No. 4029—Mis. 
will be reserved for those cooperative observers who make the observations without 
payment. Observers receive a small compensation for corn and wheat, cotton, 
sugar and rice work, for the display of storm, river and flood warnings, for cranberry 
frosts, and for mountain snow and rain fall records. 


FORM No. 4017—MIS. 
U.S. DEPARTMENT OF AGRICULTURE, WEATHER BUREAU. 


Description of Location, Topography, etc., of Mountain Stations Established in the Interest 
of the Water Resources Service of the Weather Bureau. 


The Weather Bureau desires to secure many observations of precipitation and especially of the depth 
of snow on the ground in the mountains at the heads of the small streams that feed the great rivers, in 
order to determine the flow of water from these sources during the warm season. In order that the Bureau 
may have before it the necessary preliminary information, it is requested that the statements in connection 
with the following items be made as full as possible: 


RR AL eer get eats MUG Ail Pe aie en ht ae Sav oS aan ln ines nelie Me meso be leclaay « 


Bema me tarts... st. tes pb) TIMED LY yeep aee, ieee ers ete ce Dtabey eae ee a ed ae 
Me ee ee nd. ce POI ee et ee ices a ee Sk eee 
MEE Mes GM DOV OC ROA C VOL sc 5.5) ca oe 2 ova gi teie ne ne eae Poe ae Poe as eas oe sie ten 2 
PtVCR AVSLGUl= 2.4.5 --5---+5-- he RS ie ee EP TLD UDA DV neie ote esas he re ee ert ee 


Name of mountain (or mountain range)........--- Pa ane ey AIT Gon ae ee Fy eee aie Jee 
TE SMR ORT re tees Oh ee Pn R a da, 5 anna 2b swig SS og Beh eRe Cee nee nese eee ees 
Location of station (on which side of mountain or range)........-.----. pete nae Ate en 5 ee 





Approximate elevation of station above valley .:-2.. 2.2. .0s0. 0022 J... cinco stone peed ae ee 
Approximate distatite to-top of mountain. 2... lee le ee eee Os ecb ee ce ee Fie: 


Steepness of slope at station, moderate, precipitous. 
Direction of steepest'descent from station... 22... 2c. sete De foc en a co : 
Brief description of topographical surroundings of proposed station............-.......-- aa eS 


FOREST CONDITIONS. 


~Above-or below the timber lines oi iso 5. cece. 5 o ohne ws nn deere sso § Ses hee eee re ee oe 

If in forest, conditions immediately surrounding the station (whether in uncleared forest, or in clearing, « 
and approximate area: of clearing). 0.00.2 03.. ee een ck re eee ee 

Can clearing be made in forest if none now exists at favorable site? ..........-.-.....-... Bee 


AVAILABILITY OF STATION. 


Opportunities for securing accurate average depths of snowfall (good or otherwise) .................-.---- 
Available means for the regular forwarding of observations (mail, telephone, or telegraph—daily, weekly, 

or: monthly ). os ots ee 2 ee Ae es ee ee 
Portion of the year during which fiat could be maintained. -<2.-2 2.2222. 2600. ee : 
Probability of observations being continued in case of removal of observer.............-.-.--..---+++-- ee, 
Names of persons in the immediate vicinity of station who could continue work during absence or sickness ~ 

OL Tegular observer. ices Sess Soo ewe ts Dae aca cee ee ae 
Proposed equipment of station <2... ole. es pee ee ne i Soe a © ee aaa 
Character of reports to. be rendered : 21.24... Sc isos Fen es ee ee ee 
Name-of proposed observer fv. 2a 4 PUR Ss ewe Scie oa 2 Sk ee en 
Post-Oflice address = 3... sc ee ast ops ec eg eats Se SS Bay eee ee ee ee 
ReOpe OL CUUCHON 2. 5 oti Sues pee ae toe See Semen eee okie ee UATE ee Es 
Experience in reading and care of instruments, with reference to making trustworthy measurements and 


If the prospective observer is secured by a cooperative bureau this blank 
should be forwarded to the section director of the State in which the observations 
are to be made. The section directors for the several States will secure observers = 
on their own initiative, using the same form. These reports are to be forwarded 
by the section director to the Washington office of the Weather Bureau for the 
approval of the chief of bureau, and the section director is required to add his 
recommendation on the availability of each observer. If the station and observer 
are authorized by the chief of bureau the section director will be requested to fur- 
nish the station with the necessary apparatus, and the observer will be placed 
upon the pay roll of the United States Weather Bureau in accordance with the 
rules of the Accounts Division. All observers under pay must be carried on the | 
rolls of the Weather Bureau in order to comply with the specific regulations. pre- — 
scribed by Congress for the United States Department of Agriculture. In case — 
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a station is authorized and placed under the supervision of a cooperative bureau 
the necessary expense of establishing the station will be paid by the cooperative 
bureau, which will render to the Weather Bureau an itemized account of the expense 
incurred, which amount will be reimbursed to the said bureau by the transfer of 
the necessary funds through the treasury. It is proposed to render the admin- 
istration of this inter-bureau cooperation as liberal as is possible, while complying 
fully with the fiscal and other regulations prescribed by the various branches of 
the Government. 


2. The Meteorological Cycle—Precipitation, Evaporation, and Condensation. 


There is a great meteorological cycle in nature based upon the strict ther- 
modynamic laws of physics which includes three great practical subjects, namely, 
evaporation, condensation, and precipitation. They are all concerned with the 
three processes through which the aqueous vapor of the atmosphere is incessantly 
passing. Kvaporation consists in the elevation of aqueous vapor in an invisible 
state from water surfaces, whereby water returns to the atmosphere, and is trans- 
ported to great distances from the place where the evaporation actually took 
place. Condensation consists in the change of the invisible aqueous vapor to water 
or to snow crystals, as the aqueous vapor is cooled to lower temperatures, while it 
rises to higher elevations above the surface or otherwise. Precipitation consists 
in the fall of aqueous vapor in the solid state as snow or the liquid state as water, 
under the force of gravitation as modified by the wind currents and the prevail- 
ing conditions of the air. Of course it is not possible to trace out the life history 
of any individual mass of aqueous vapor through these three great processes, and 
we can only practically study the effects in a rather unscientific way. The sum 
total, however, of the action of these three processes in the great cycle makes up 
climatology, which is the practical side of the matter to the majority of men. 

The theory of condensation has been quite carefully worked out, and the 
laws by which aqueous vapor and the dry air as a mixture operate together are 
well known. If a certain volume of air contains a certain amount of aqueous vapor, 
- both being at a given temperature, when this mixture is cooled the aqueous vapor 
will first pass into water, and if the lowering of the temperature is carried far enough 
the water will be iponeeal into snow omens It will not be necessary to say more 
about this topic in this connection, but the reader is referred to the second volume 
of the Annual Report of the Chief of Weather Bureau for 1898-99, being a report 
on the international cloud observations by Prof. F. H. Bigelow, where the mathe- 
matical laws and the corresponding tables are to be found in Chapter X of that 
volume. Precipitation occurs as rain or snow according to the temperature. 
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If masses of aqueous vapor condense into water particles, and these unite into 
drops large enough for the force of gravity to drag them through the air and overcome 
its viscous tension, then the water will fall as rain. If the temperature is low 
enough it will-fall as snow. The subject of rain drops and snow crystals has been 
frequently treated in the Monthly Weather Review, and reference is made to the 
following numbers: October and November, 1906, for Bigelow’s laws of rain drops; 
August and December, 1907, for Bentley’s studies on rain drops and rain drop 
phenomena; and the Annual Summaries of the Monthly Weather Review for 1902 
and 1907, where beautiful photomicrographs of frost and ice crystals by Bentley 
have bear, collected. | 

The laws of evaporation are not yet well understood, although physicists have 
bestowed a large amount of labor upon this subject. A summary of the literature 
on evaporation is published in the Monthly Weather Review for June and Sep- 
tember, 1908, to be continued in later numbers of the Review. Recently, in the 
summer of 1907, a series of observations were made by Prof. F. H. Bigelow, at. 
Reno, Nev., in a search for the law of evaporation. An extensive campaign is being 
organized at the Salton Sea in southern California, and the Reclamation Service 
of the Interior Department at twelve of their projects, and the Water Resources 
Branch of the Geological Survey at four reservoirs east of the Mississippi River, 
have undertaken an extensive series of observations for the year 1909, when further 
necessary data will be secured. An account of the attempt to develop the law 
of evaporation of water over lakes and reservoirs in the United States can be found 
in the Monthly Weather Reviews for July, 1907, and February, 1908, and the 
Annual Summary for 1908. Certain formulas and tables are contained in this 
manual, which are intended to be used in the carrying on of this wore in the 
problem of evaporation. 


CHAPTER 2. 


CLIMATOLOGY. 


_3. The General Problems of Precipitation of Rain and Snow in the Mountain 
Districts. 


In preparing for a campaign in the Rocky Mountains and the Sierras of the 
Pacific States, which has in view the measurement of the amount of snow and rain 
available for water resources, it is important to keep in mind several broad features 
of the general problem. The snow is readily transported over the bare or unforested 
places of the mountains from place to place, and deposited in great drifts, especially 
in the ravines of the mountains and behind the shoulders of the ranges. The sum- 
mits are apt to be swept bare while the hollows are more or less filled. The phenom- 
ena of snow drifting, therefore, assumes a very prominent place in mountain clima- 
tology. The snowfall in the forest regions of the mountains is much more uniform 
than it is in the open places. We may divide the mountain snowfall into three 
classes according to the topography and the action of the wind, namely: (1) The 
open country which is fairly level; (2) the forest areas, and (3) the drifted regions 
especially in the mountain ravines. It is not sufficient to measure the snowfall in a 
few places of a mountain district and to assign the results to the region as a whole. 
The irregularities must be traced out from point to point, and this requires a rela- 
tively much larger number of stations of observation than would be needed in the 
flat central valleys or in the Atlantic States. The dearth of settled inhabitants in 
the mountains of course makes it difficult to secure the numerous observations which 
are required, and on this account an appeal is made to all citizens to cooperate as 
far as practicable in securing such observations as are possible. 

It is not only necessary to measure the snowfall in the open, in the forests, and 
in the drifts, and to treat the results somewhat independently one of another, but it 
is also necessary to take full account of the processes of melting and evaporation from 

these three types of snow fields. The snow is transported from place to place by the 

wind, some of it evaporates into the air and is lost for water resources during the 

winter, while the balance runs off in the course of the spring and summer into the 

canyons and rivers. The questions which relate to the rapidity of the melting are 

quite as important as those which are concerned with the rate of the snow accumu- 

lation from successive storms. Important practical questions have arisen regarding 
(15) | 
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the rates of the run-off of the water from the melting snows, and it is desirable to 
collect the facts impartially and to transmit them to the public for their information. 
Apparently the snow in the open first yields to the solar radiation as the spring comes 
on, and runs off more or less gradually and quite steadily into the rivers. The snow 
in the forest is somewhat protected from the first attacks of the higher temperature 
of the spring, and these snows appear to be held back for some days, so that. they do 
not run off as soon as the snow in the open and they are then apt to cause more flood- 
ing when the forest snow finally yields to the warm air of the spring weather. The 
drifts accumulated to great depths in the ravines become heavily packed, so that the 
lower layers are practically solid beds of ice. The sun’s rays attack the upper layers 
first, while the lower layers of the drift are well protected, until the removal of the 
upper sheets gradually exposes them to melting in the course of the summer. If 
the snows in the open and in the forests are associated with the spring freshets, the 
great drifts are the natural reservoirs which supply the streams with water during 
the summer months. It is important to make records of the conditions of the snow- 
drifts in each region, especially those which are the direct feeders of the rivers that 
supply the reservoirs and canals for irrigation purposes. It is necessary therefore 
not only to record the snowfall in the open and in the forest, but also to make the 
record contain practical notes regarding the condition of the snow in the heavy drifts. 
This will be done by inspection rather than by direct measurements, and good judg- 
ment is required on the part of the observer to report conditions as they are, and 
not exaggerate in either direction, lest a fictitious inference be deduced ont the 
words of the report. 

It has been noted that the freshets occur in the rivers several weeks later than 
the melting of the last of the snow in the open and in the forests. There are four 
dates which should be recorded each year at every place: (1) The date of the dis- 
appearance of snow in the open; (2) the date of its disappearance in the forest; 
(3) the date of the maximum freshet in the river; (4) the date of the final melting 
of the snow in the gulches. Several engineering problems depend for their solution 
upon the knowledge of these facts. 

The amount of. rain or snow which falls as precipitation in any given district 
should be referred back to two general causes: First, the configuration of the general 
circulation of the great currents in the atmosphere; and, second, the relation of the 
mountain masses on the land areas to these general currents. These two causes are 
closely interwoven, and it is not desirable to separate them too distinctly. On an 
ideal smooth globe the size of the earth, such as one composed entirely of a water sur- 
face, surmounted by an atmosphere Rien is heated by the solar radiation falling on 
the TO pos there would be a certain general circulation consisting of a great westward 
drift in the Tropics near the surface, and a great eastward drift in the temperate zones. 
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Since the rain-bearing strata are usually no higher than a mile or so above the sur- 
face, the action of the general circulation at greater heights need not further be con- 


sidered. The lower layer, 1 mile or so in thickness, is therefore chiefly responsible for 
the distribution of the precipitation. 

Now, break up this ideal smooth globe by means of continents bearing mountain 
ranges, the oceans lying between them, and the ideal general circulation gets segre- 
gated into comparatively large but isolated masses of circulating air, through which 


the system of the Tropics and the systems of the temperate zones are to some extent 


merged into one another. Thus there is a large center of action on the Atlantic 
Ocean, extending from the Southern States to Africa, and another large center of 
action over the Pacific Ocean stretching from California toward Japan. The Atlan- 
tic center of action tends to throw more or less steady currents of air from the Gulf of 
Mexico northward, with an eastward trend, upon the central valleys and the Atlantic 
States. The Pacific center of action tends to throw currents of air eastward, with a 
southward trend, upon the Pacific States. The result is that the central and eastern 
portions of the United States are bathed with a succession of rains, and the northern 


Pacific States are likewise continually watered in the same way. The Atlantic rain 


area gradually thins out and disappears on the eastward edge of the Rocky Mountain 
plateau, because the currents of air from the Gulf of Mexico do not reach very far 
westward of the Gulf. - The northern Pacific States are well watered, while the south- 
ern Pacific States are relatively dry. Portions of the moisture-bearing currents from 
the northern Pacific States overflow the mountains, and water to some extent the 
northern Rocky Mountain States. These general results are the direct consequence 
of the action of the North American continent in breaking up the ideal theoretical 
circulation into what may be called the topographical circulation, which it is the prov- 
ince of meteorologists to describe. 

All this distribution of the general circulating currents, and the consequent pre- 
cipitation, would occur whether there were forests or not growing on the land masses. 
It may be proper to say that the forests follow the precipitation and do not precede 
it. After the precipitation has fallen on land more or less covered with forests, the 
heavily wooded areas have something to do with the rate at which the water flows off 
from the higher elevations into the rivers and thence into the sea. Since the amount 
of forest growth responds intimately to the amount of water available on the higher 


elevations, the action of the forest will probably be considered as important in the 


control of the run-off, such as has already been described in preceding sections. It 

would not conform to the facts to assume that the forests as such draw precipitation 
into their. locality. 

The presence of a small lake in any region has practically no effect in deflecting 

the great currents in the general circulation. Like the forests, the lakes may profit 
69399—09 2 
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by the rainfall due to these great currents, but neither of them are causes of this 
abnormal circulation of the atmosphere. This great subject in climatology deserves 
the most serious attention of meteorologists. It will be possible to make advances in 


the solution of these questions only by studying the collected data extending over a’ 


series of several cycles, that is to say, perhaps a century of time, in order to determine 


the laws binding together the causes and effects of these complicated processes in the 


atmosphere. ; 
4. The Different Types of Observers. 


The cooperative observers of the Weather Bureau have generally taken readings 
of the temperature, rainfall, and prevailing wind direction. The temperature obser- 


vations require a maximum and a minimum thermometer, and these are placed in a 


small weather bureau shelter constructed of louver work which causes a proper ven- 
tilation while protecting the instruments from the direct rays of the sun. Although 
it is desirable to secure temperature observations in the remote regions of the moun- 
tains, especially in connection with the melting of snows, it is obviously important 
to extend the observations on the snowfall and rainfall beyond the limits where it is 


possible to secure permanent residents who can make the complete set of climato- 


logical readings. It is therefore proposed to add two other classes of observers in 
the mountain districts, those who will report the snow and rainfall without tempera- 
ture and wind at the places where they are living, and still others who will make 
occasional excursions or trips into the mountains beyond the places of habitation 
for an inspection of the condition of the snow fields. The first additional class of 


observers will be equipped with rain gages, snow bins, and tree snow scales, for the 


measurement of rainfall and snow depths, and with the apparatus necessary for 
converting a certain amount of snow into an equivalent amount of water; that is, 
for obtaining the water equivalent of the snow. The second additional class of 
observers will simply read certain scales attached to trees located in as remote points 
as is practicable to attain. Army scouts, forest rangers, guides, stage drivers, 
travelers on circuits, and all others of a like character who can bring in information 
will be enlisted in this work. They will be supplied with convenient pocket note- 
books. The readings on certain snow scales or tree gages will be entered therein 
as is convenient in their movements among the mountains. The pages of this note- 
book are perforated and the report can be torn out and mailed to the section director 
of the State, as arranged by agreement with him. A proper compensation will be 
paid by the Government for these inspection trips, and the organization and admin- 
istration of this work has been placed in the hands of the section directors. The 
more permanent settlers in the mountain districts who will agree to make these 
observations for the Government will be provided with snow bins, snow platforms, 
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tree scales; rain gages, and even with thermometers and weather bureau shelters as 
the section director may deem expedient. All reports are to be made conscientiously 
and as regularly as possible, and they should be forwarded promptly according 
to the arrangements agreed upon, because the value of the snow observations to 
engineers and all users of water depends largely upon prompt and accurate know- 
ledge of the snow conditions in the mountains at a given time. It is evident that 
_ the value of these observations will increase as the years go by, because after a few 
years of experience it will be possible to determine whether the current year is 
above or below the average as to the amount of snow available for water resources. 
Especially it will be possible to determine the tendency to floods and freshets in 
the early spring, if it is once known what the normal amount of snow should be, 
and # it is also known what the temperature conditions are likely to be according 
_ to the season of the year. 


5. The Measurement of Rainfall and the Measurement of Snowfall. 


The apparatus required for measuring the depth of rainfall consists of an 8-inch 
cylindrical vessel with a funnel at the top which leads into a receiver graduated to 
the proper dimensions. ‘The rain falling into the open funnel, whose rim is 8 inches 
in diameter, is carried into the receiver having a diameter of 2.53 inches, and the 
depth of the water is then determined by a measuring stick graduated to read in 
hundredths of an inch. The depth of water is measured by removing the funnel and 
inserting the measuring stick into the brass tube. When the stick reaches the bot- 
tom of the measuring tube it should be held for one or two seconds, and then quickly 
withdrawn and examined to see at what division of the graduation the top of the 
wet portion comes. The marks on the measuring stick give the actual depth of rain- 
fall. It is important that the depth be recorded exactly as shown, sincé a failure 
to record the cipher (0), and the decimal point, will convey a wrong understanding 
of the amount of precipitation. When the depth of the snowfall is not very great 
the rain gage apparatus can be used for determining the amount by lifting ‘the 
funnel off, removing the small tube, and exposing the open 8-inch tube to the snow. 
The following directions indicate the manner of converting the snow into the corre- 
- sponding equivalent amount of water: 

During the colder half of the year the receiver (funnel) and brass tube should 
be stored indoors, leaving only the overflow can, or the “snow gage”’ as it is called, 
exposed in the support. If rain should fall, it can be measured as described below. 

If the precipitation is in the form of rain or snow that melts as it falls, pour 
the catch carefully into the brass tube and measure in the regular way. If, however, 
_ it is simply snow, take the gage into the house and pour into it one measuring tube 
full to the brim of water, preferably warm water. ‘This, of course, will melt the 
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snow, or turn it into slush. Fill the brass tube full of this slush, empty it and then 
pour the remainder into the tube and measure in the usual way. This done, you will 
have discarded the amount of water that was used to melt the snow, the residue being | 
the correct amount of water contained in the snowfall. It is also extremely desirable 
to give in addition the actual depth in inches and tenths of the unmelted snowfall 
since the last observation. As a rule, this is easily obtained by measuring the fall. 
on a piece of plank kept near the gage. After taking the depth the plank can be 
readily turned over or cleaned to receive the next twenty-four-hour fall. If, — 
owing to high winds, it is apparent that the snow gage has not caught the entire 
fall, empty the gage. Then, after selecting a spot where the depth of the snowfall 
in the last twenty-four hours is about the average, cut out a section with the snow 
gage by pushing its mouth downward into the snow to the ground, or, if there was — 
old snow on the ground, to the surface of the old snow, and then slip under the 
mouth of the gage a thin board, or sheet of tin, or anything else that will serve 
the purpose; reverse the gage, and melt and measure in the regular way. Always 
record also the unmelted depth in inches and tenths. 

The water equivalent of snow is the quantity which it is really desired to obtain, 
because precipitation is always recorded in terms of the depth of water. On different 
occasions snow falls with very different water equivalents. When it is very dry, it 
may take 30 inches of snow to make 1 inch of water, and when it is very moist 3 
inches may be equivalent to 1 inch of water. Under ordinary conditions the water 
equivalent is from 10 to 15 inches of snow to 1 inch of water. There is no fixed ratio 
between the snow and its water equivalent that can be adopted, and it must be 
determined for every snowfall. | | 

When a bank of snow has been formed by drifting and is allowed to stand for some 
time, the lower part will become nearly solid ice and have a very high water equiva- 
lent, while the upper part may have a comparatively low water equivalent. These 
conditions should be kept in mind by those who are giving estimates as to the state 
of the snow in the ereat drifts. Over forested areas large quantities of snow may lodge 
on the foliage and branches of trees and evaporate into the air without reaching the 
eround at all, and this condition should be borne in mind when estimating the 
amount of water that will be available as run-off. The snow in the forest may be 
packed very differently from the snow in the open or the great drifts. As the snow 
begins to melt in the spring the water equivalent changes rapidly in any vertical 
column and the ratio of the snow depth to the water depth continually decreases. 

Prof. C. F. Marvin, of the Weather Bureau, proposes to measure the water 
equivalent of the snow by means of weighing a fixed volume of the snow. A con- 
venient pair of scales of the spring balance type can be easily adjusted to the circular 
dial, which will indicate the inches and tenths of the water equivalent to the snow 
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mass placed in the weighing pan. It is desirable to employ both these methods of 
measuring the water equivalent of snow until it is determined which is the more con- 
venient in practice for observers in the mountain districts. 

It is well known that the snow falls into a receiver with accuracy so long as there 
is no special wind velocity. When the wind is blowing hard, the receiver as a snow 
gage steadily deteriorates in accuracy and is much less valuable for catching snow 
than it is for catching rain in a wind. The snowflakes are so light that they are 
carried in the wind past the mouth of the receiver without falling into it. Further- 
- more, the wind sets up a series of eddies around the receiver, and this tends to deflect 
the snow away from the mouth of the receiver and to prevent its falling into it. On 
this account the best catchment of snow has always been a difficult problem for 
meteorologists. Many devices have been invented to overcome the difficulties 
caused by the drifting of. the snow in the wind. Various hoods and deflecting 
devices have been tried, but it has been found in nearly all cases that they become 
unserviceable because the snow tends to stick and clog up the openings so that 
they do not retain their proper shape. As there is very little hope of devising any 
apparatus to catch the snow accurately in a small tube, such as an 8-inch pipe, it 
has been decided to make a trial of another form of apparatus. Our present idea 
is to make the area into which the snow falls very large as compared with the small 
8-inch tube. A cubical box, 5 feet square on all the sides and on the bottom, with the 
top open, will be placed on a stand or other support, so that the top of the box shall 
be something like 10 feet above the ground. To some extent this position will 
obviate the difficulty of the drifting snow, and the large surface area ought to elimi- 
nate some of the small currents ae air ay deflect the snow away from the small 
open receiver. It is admitted that any obstacle, even the 5-foot snow bin, will 
set up wind eddies which will modify the snow catch. It is, however, proposed to 
set up these bins in glades of the woods, or in openings among the trees where the 
wind velocity is considerably diminished and where the fall of snow at least below 
the height of the tree tops is much more nearly vertical. A ladder should be built - 
outside the bin, and another inside the bin, so that the observer can enter and make 
the measurement of the snow depth in the bin after having leveled it, or a trapdoor 
in the bottom and a door on the side may be constructed. Then fale the water 
equivalent by either of the methods described above. The bin should at once be 
carefully cleaned and made ready for a new snowstorm. The amounts of snow re- 
corded in successive snowstorms during the winter will make up the total amount 
of snow precipitation for the year. It will require good judgment in all cases to make 
an efficient use of these bins or any other apparatus of the kind. The bins may be 
constructed of pine boards, and they need not be exactly cubical in form at ‘all 
stations. It will be sometines convenient to saw off small trees and attach the 
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boards to them, so that the structure will be practically a bin of the dimensions of 
the 5-foot cubical box. Since the bin is to be cleared out after every storm the 
joints need not be water-tight. They should be close enough to hold the snow. 

In order to compare the action of these bins with the snow on the level, it is 
recommended that, in certain places where an observer can be obtained, a 10-foot 


square platform be built on the ground. On this platform the snow will fall as it — 


would in the bin, and the depth of snow can be measured upon it with accuracy. 
These platforms also should be cleared off after every snow, and the necessary 
provision should be made to prevent the wind from drifting upon it the snow that 
has previously fallen and is lying on the ground in the neighborhood. 

In many cases it will not be practicable to use the regular pipe-snow gage nor 
the snow bin, and it is proposed to place scales of wood painted in feet and tenths 
on the sides of small trees. The trees should be selected at such points as are known 
to receive the average amount of snow, where there is no special sweeping of the 
landscape bare, nor drifting action caused by the wind. These scales can be made 
of wooden strips or of galvanized iron; or wooden pegs can be inserted into the tree 
trunk like a ladder, one peg for every foot. Bore a hole with an auger 14 inches in 
diameter in a tree 6 or 8 inches in diameter near the base and having a smooth, 
straight trunk. Insert into the hole a cross piece or round of wood about 18 inches 
long, and nail it in so that it will not slip. A snow gauge of considerable height 
can be made in this way when necessary, the lower rounds serving for supports 
while the upper holes are being prepared. If a tree is stripped of its bark and 
painted in 1-foot blocks of alternate colors, as black and red, it will make a conspicu- 
ous mark which can be seen at long distances when snow is on the ground. Cer- 
tain of these snow gages should be located at proper points along the mountain 
ridge, where it is not very easy to climb when the snow is on the ground, and the 
observer, if provided with a good field glass, could see such a gage at a considerable 
distance, as half a mile, and make a fair estimate of the state of the snow without 
actually going nearer to it. A tramp on snowshoes on the snow in the lower levels 
would be by no means difficult in the winter as compared with a climb upon the 
ridges. If these tree gages are set up during the summer in considerable numbers, 
it will be possible for an observer in the winter to read several of them in the course 
of a single day’s march. It is hoped that numerous expeditions of this kind will 
be organized in the different States, so that the distant snow gages can be visited 
two or three times after the 1st of January, especially in February and March, 
before the snow begins to melt. From these reports a very fair conclusion may be 
reached regarding the average conditions of the snow in a given watershed. Since 
the mountains of the West extend over so large an area, it will be practicable during 
the next few years to cover only a comparatively small part of the entire territory, 
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and it is proposed to select for our operations at the first only those watersheds and 
amphitheaters around the heads of important rivers where the snow values are 
very important to irrigation and other engineering projects. If experience proves 
that this system is practicable, it will doubtless be extended to the more remote 
regions in the course of time. Further instructions regarding climatological obser- 
vations can be found in a pamphlet issued by the U. S. Weather Bureau entitled 
“Instructions for Cooperative Observers,’ W. B. No. 347, 1906. Also, Form 1010- 
Mis. has been prepared for use by those who can visit these remote snow scales on 
the trees. The form is put up in a small book convenient for the pocket, and the 
leaves are perforated so that a leaf containing the report of a day’s observation 
can be torn out and forwarded in a government envelope to the section director of 
the State. 

It is evident that for the purposes of identification as to locality and reference 
in publication all snow bins and tree gages should be carefully numbered. A sign 
on metal containing the number and marked ‘Property of the U. S. Weather 
Bureau” should be attached to each piece of government property in the field. 
These signs can be made by the section directors according to their own design and 
charged up against their appropriation. A station where there is a resident observer 
may have in its neighborhood a set of substations where tree gages are read. These 
may be numbered in connection with the primary station, as, for example: 
Station, Hunter. | 
Substations, Hunter (1). 

Hunter (2). 
ee tee x | 
Hunter (10). 

The question of publishing the snow data is one which involves many considera- 
tions. At present it is thought that something like the following plan should be 
adopted: 

All snow data should be collected by section directors in their respective States. 
In assembling the same for publication it is quite clear that the topographical units 
should be the great river basins, and not the state boundaries, which are distinctly 
artificial and have but little relation to the climatological conditions. Taking any 
given river basin which is bounded by the line of highest elevation on the several 
sides, the snows pass from the mountain regions through the ravines, canyons, and 
valleys into small streams whose waters accumulate in larger rivers till they at length 
flow to the ocean. Referring to the map of the U.S. Geological Survey, No. 7549 B, 
it is easy to trace out these river basins, such as the Columbia, the Colorado, the Mis- 
souri, the upper Mississippi, the Ohio, and so on. There are fourteen or fifteen of 
these natural drainage areas in the United States. Their boundaries cross the States 
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entirely regardless of the state lines; thus, in Colorado four great river systems head 
up in the high mountains around Leadville and Gunnison; the Yellowstone National 
Park is at the headwaters of four distinct rivers. It isin such localities that the great 
storage basins will be built, and from them the water supplies for irrigation purposes 
during the summer months will be derived. It would seem desirable to construct 
base maps of these natural basins containing the river systems, and the principal 


topographical features, using them as mother-maps to show the location of the | 


numerous stations which will be established throughout the entire region. In pub- 
lishing the data, which should include the depth of the snow and its water equivalent, 
it would seem proper to arrange the stations along the trunk lines of the great rivers, 
with subdivisions gradually branching off along the smaller streams, and finally 


heading up into the high snow fields of the mountains. Engineers and others who ~ 
are concerned with water resources will then have an opportunity to consider the © 


relations of the snow fields along the several water courses, to the freshets, floods, and 
storage waters. There are some difficulties connected with the monthly publication 
of such data, and this plan would involve a considerable reorganization of the climato- 
logical work of the Weather Bureau. It is desirable that this important topic be 
fully discussed, and suggestions on the topic generally will be welcomed and carefully 
considered. 
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CHAPTER 3. 
_EVAPORATION. 


6. The Phenomena of Evaporation from a Practical Point of View, and the Theo- 
retical Status of the Problem. 


The phenomena of evaporation have been studied in the laboratory and in the 
field by many scientists, but the problem has proved to be so complicated that no 
definitive formulas have been secured. A summary of the theoretical researches 
may be found in Vol. II, Weinstein’s Thermodynamik, 1905. It should be observed 
that the phenomena in the laboratory, where the boundary conditions are limited 
by the requirements of the apparatus, differ so widely from those in the open air that 
the results obtained in the laboratory are not applicable to the practical processes 
over lakes and reservoirs exposed to the free air. The movement of the wind com- 
plicates the simple action observed in a quiet laboratory, or in calm weather, and to 
some extent renders the entire research strictly empirical. When the formulas 
resulting from several researches on evaporation over large bodies of water in the 
open air are compared together, it has been found that the so-called constants in 
the formulas are by no means the same. The literature on the subject of evapora- 
tion is already very large, and a bibliography with brief summaries has been prepared 
by Mrs. Livingston, which is being published in the Monthly Weather Review, June 
and September, 1908, to be continued in following numbers. In order to summarize 
the status of the problem, several of the leading formulas were brought together, 
and the results compared in a paper by Prof. F. H. Bigelow in the Monthly Weather 
Review for July, 1907. In view of this general discrepancy among these and other 
researches, it seemed desirable in the interest of practical meteorology to attempt to 
discover the primary cause of this disagreement. It appeared probable that the for- 
mula which had been employed was not adequate to do the work required of it, under 
the complicated conditions prevailing in different localities and climates as regards 
evaporating water surfaces. The overflow of the Colorado River into the Salton 
Sink in 1906 produced a fresh-water lake now called the Salton Sea, about 45 miles 
long and 10 or 15 miles wide, containing 440 square miles of surface area, and in May, 
1907, it was 205 feet below the mean tide level of the Pacific Ocean. The restoration 
of the Colorado River to its old channel by means of strong levees cut off the Salton 
Sea from any important accession of water from the outside. The rainfall is some- 
thing like 2 inches a year, and the overflow from the Imperial Valley through the 
irrigation canals into the New and Alamo rivers can be easily measured by gages in 
the neighborhood of the town of Brawley. The climate of the region being very dry 
and very hot during the summer months, the process of evaporation from this large 
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body of fresh water is rapid. The sea seems to be falling at the rate of about 6 feet 
a year so far as evaporation is concerned. It is about 75 feet deep, and it will prob- 
ably dry out in twelve or fifteen years. Such an opportunity to study evaporation 
on a large scale will hardly occur again, and it seemed wise for the Government to 
undertake an extensive campaign covering the entire subject. For this purpose a 
special camp has been established at the Salt Creek Trestle near the Salton Station, — 
with auxiliary stations on a simpler scale at Indio, Mecca, Mammoth, and Brawley. — 
It is hoped that a two-years’ campaign will carry this problem to a completion. 

As a preliminary study, in order to gain some idea of the nature and complexity 
of the evaporation phenomena, a temporary research was carried out at the city 
reservoir in Reno, Nev., during August and September, 1907. An account of this 
research may be found in the Monthly Weather Review, February, 1908. Five 
towers were set up at this reservoir; one on a dike near the middle of the reservoir; 
one on the east bank and one on the west bank; one 450 feet east of the east bank, 
and one 450 feet west of the west bank. The towers were about 45 feet high, and 
pans were located on stages every 10 feet from the surface to the top. In all there 
were 29 pans operating under conditions which were uniform, except so far as the 
evaporation from the water surface produced a vapor blanket, which covered the 
reservoir to a certain depth and overspread its bank to a certain distance, so that the 
pans were located in different parts of this vapor. The result was to show that the 
pans thus placed at different points within this vapor blanket evaporated at very 
different rates. By tracing the differential action in a vertical direction, and in.an 
east and west line, it was possible to lay down the general principles of a formula 
which appears to be working in the right direction. It was clearly shown that it is 
not proper to transfer the amount of the evaporation observed-in an isolated pan, 
located on the surface of the ground at a distance from the water surface, to the 
evaporation of the water itself in the reservoir. The divergencies noted among the 
several researches are chiefly due to the fact that no sufficient account was taken of 
the immediate surroundings of the various pans. Evaporation is very sensitive to 
the atmospheric conditions within an inch or two of the surface of the water and to 
the temperature of the water, and since a multitude of local conditions may influence 
either of these factors the amount of evaporation integrates the effect of the cir- 
cumstances where it is going on. The further short research carried on at Indio, south- 
ern California, in October and November, 1907, emphasized these facts. They have 
further been confirmed by observations made at Indio and Mecca in the summer and — 
autumn of 1908. | 

In view of the practical importance of a knowledge of the law of evaporation 
over reservoirs, it has been arranged that the United States Weather Bureau should 
cooperate with the United States Reclamation Service and the Water Resources 
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Branch of the United States Geological Survey in securing observations on evapora- 
tion in different climates and under different local conditions. During the summer 
of 1908 Professor Bigelow visited the following projects of the Reclamation Service, 
as well as the Salton Sea and its auxiliary stations: 























Reservoir. Place. County. State. 

SeeaIvOl. DEA... .....2...--2'- Desert, Imperial and Coachella valleys. ................. Riverside. ......<- California. 
So Mig 0 al ts Ce ra LOLS es slp Goo gh) Se Egan SN a aS Ae a Scotts: Biait: 2.2. .2 Nebraska. 
Bermganene. 502... ..5....-: Powell... 2 © (CRSA BATt aa th Ore gen hc at ek ee an Big Horn. ..-..... Wyoming. 

COI Ge ERNE S ne on ae eee Noe Reee hn ts Ben c bad oe aes Eimeoln ose Idaho. 

5. Payette-Boise............ TS i eae ee ee CN an SA pee naa a ES «dca AGS AP ee ae. Do. 

To 7 UNOVE | EU ee ELGraiio tape aee ein ee Se ha min oa aon hoes tek oe ex Rrra ia ies et Oregon. 

7, SRS 6 North Yakima... 2... Ren tes eee Aa ae RS BY Ache ae eer eee Washington. 

Sh, LEGGY aE 6S ge ee LATIN Peel LSet aera ee Be eee oe eer ay Kiama heen. Oregon. 

9. Truckee-Carson........... dE Sys Se. ely RN 2 a A eee a a Charenili?: 4+}. =. Nevada. 
Aimealtelyl VOT ols. os tt cs. POGUES ree 2 ae Bee ee ie ee ee ee Maricopa. <..:.<.. Arizona. 
Bree Pate ite yo. . <5 << Sn es 2 RGR Ml ee NR tea Se eit f ae jo nth soca 3 Sie SRE Sierrae-sleae. nse New Mexico. 
Bem@arisvad.J2......-....---- LS CAL teat tet re Sere ES as he an a Sele « Peas TOG Vira: etree Do. 

Under the supervision of the 
U.S. Geological Survey. 

teeter Peariage Cala. 2.1. LOCK DOLL. .. . 2 ig ca5c- oo cenc<ceus+ cece cence e ee eecececses Wille Ss ce ree toes Tllinois. 
Pee mommnati_ 2... ..:...... CORT LG Rell Ro tie pelt A ae a eee Mega eo Hamilton.........| Ohio. 
Sn eres eee eee ee) DIT MN ena ce. 2 ee wenn cee ecto eee e nse JENETSON™ = ee aes Alabama. 
ie rupper Lake.......2---.-- Mipper Wake: seve aa. ae So Wt ech Cae eo aE Franklin eso New York. 











The Weather Bureau supplied the evaporation pans, thermometers, anemometers, 
record books, and certain instructions, and the cooperative services are to undertake 
the observations beginning in the spring of 1909. The installation of the plant at the 
Salton Sea will be completed about the same time, and the entire series of observa- 
tions will begin in March or April, 1909. 


7. The Theoretical Formulas. 


‘The formula upon which most of the work had been ton by other investigators is 


known as the Dalton law: 
K =C(e,—eq) (1+Aw), 


but it has been shown to be insufficient for its purpose. Bigelow’s first formula and 


its action was described in the Monthly Weather Review, February, 1908, together 
with certain other necessary data. By these it was indicated that two terms had 


been successfully worked out, and that the other terms needed further research. By 
a study of the Indio and Mecca observations and a recomputation of the extensive 
set of Reno observations, it has been possible to improve the formula in one impor- 
tant term. There still remains another term to be discovered, and it is supposed that 
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the determination of this missing term will make the formula complete. It is the a 


purpose of this manual to explain and put in practical form Bigelow’s second evapora- 
tion formula, inasmuch as the tables materially diminish the labor of making the 
observations and the work of computation. It indeed promises to enable us to 
entirely dispense with the use of evaporation pans, and to make the work of measur- 
Ing evaporation refer simply to the records of the thermometers and anemometer as 
described in the following sections. 
Bigelow’s first evaporation formula is: 


E=C ca (1 + Aw) 


where, 
es the change in the height of the water in the interval of time, the height being 
renordeds in centimeters. 
C =a variable coefficient. 
€q =the vapor pressure at the temperature of the dew point. 
Ge the rate of increase of the vapor pressure of saturation with the temperature of 
the water surface. 
A =the wind coefficient, 0.0175. | 
w =the average velocity of the wind during the interval of time, recorded in kilo- 
meters per hour. | 
Bigelow’s second evaporation Porn nine is: 


E,=0.100 C = “ast + Aw) 
where, 
phe vapor pressure at the temperature of the Ra: of: the water. 
This formula seems to eliminate, 
(1) The variations in the evaporation due to the wind effect. 
(2) The variations of the evaporation due to the diurnal radiation. 
(3) The variation of the evaporation due to a change in elevation from the 
water surface, and from the center of the water area to the surrounding country. 
For convenience of computation, 0.100 C=C,. 3 
After the elimination of these three types a variations here still appears to 


remain one more source of variation, which, so far as now known, isin general climato- 


logical, in the sense that it is different at Reno, Nev., C, = 0.090, from what it isin 
the Salton Sea region, C, = 0.060, during the summer maar In order to discuss 
the nature of this term, it will be necessary to make observations in several differ- 
ent climates during one or two years, so as to determine whether this coefficient has 
an annual as well as a climatic term. 
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8. The General Theory of Evaporation. 


The general theory upon which the formula is constructed can be illustrated by 
means of figure 1, Evaporation from a water surface. [Irom the surface of any sheet 
of water, when the air rests upon it without motion, as in a perfect calm, a series of 
vapor-pressure tubes extends upwards, gradually spreading out into a sheaf, like the 
magnetic lines surrounding the pole of a magnet. The vapor pressure at the water 
surface is a maximum e,, depending upon the temperature of the water surface 5, 
determined by the submerged thermometer. This vapor pressure diminishes along 
the tube of outflowing vapor till it falls to its minimum, namely, the vapor pressure 
at the dew point of the air eg... Intermediate between e, and eg are to be found other 
vapor pressures, as ¢,, measured by the dry and wet bulb thermometers floating on 
the top of a small raft, where the thermometers are sustained about 1 centimeter 
above the water surface. Between two such points in a tube, as e, and e,, the pressure 
is maintained such as it is by a flow of vapor particles in the tube, so that a certain 
mass of vapor flowing at a certain rate is required to maintain the observed vapor 
pressures, and this flow integrated for a given interval is a measure of the amount 
of the evaporated water. <A certain mass multiplied by a certain gradient multi- 
plied by a time coefficient measures the amount of vapor evaporated from the water 
surface. It is necessary to know the volume of vapor produced by a given volume of 
water, and then to determine the rate at which the vapor flows along the tubes in 
the interval of time. These tubes bend away from the axis at the center, which is a 
normal to the water surface, because the hydrostatic pressure acts in directions 
perpendicularly across the tubes as well as tangentially along them. Unfortunately 
the movement of the wind disturbs this figure of evaporation in calm air, and distorts 
the shape of the tubes by inclining the sheaf in the direction of the wind, while af 
the same time sweeping the tubes bodily away in the wind. There is consequently 
formed a succession of imperfect vapor tubes which break in the current of air blowing 
over the water surface. On the windward side the new vapor tubes are projected 
into the fresh masses of air and evaporation takes place more rapidly there, where the 
tubes are drier, than on the leeward side, where the vapor tubes accumulate and are 
partially saturated, because the tubes have drifted over the intervening water areas. 
The tubes in a calm reach out beyond the areas of the water surface, on account of 
the hydrostatic pressure, and gradually become absorbed in the neighboring rela- 
tively drier atmosphere. The depth of this vapor blanket is determined by the rela- 
tions between e, and eg. If eg is equal to e, there is little evaporation and the vapor 
tubes are long. There would be no evaporation if the value of eg was a constant 
and equal to e, throughout the atmosphere in the neighborhood of the water. If e, 
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is small relatively to e,, and the water area is located in a comparativety dry region, 
the evaporation will be rapid, because the gradient of the vapor pressure is strong 
along the tubes. 

It is necessary, therefore, to determine at least four terms in an evaporation 
formula, and they may be pore as follows: 3 
C, a ferment proportional to the time and pertaining to the climate in general 

where the evaporation occurs, as Reno, Nev., on the Rocky Mountain 
Plateau; Mecca and Indio, in the desert of southern California; Tupper — 
Lake, in the Adirondacks. It is probable that the C-coefficient consists — 
of a constant and some simple function of the vapor pressure, but it is 
not yet known what the function is, though it is suspected to be Const. x 


é,—e : | 
ES where ¢ is the saturation vapor pressure at the temperature of the 
d . 





dry-bulb thermometer ¢. 


ee —, the gradient of the flow along the vapor tubes. 


a the mass of the vapor which it is possible for the given volume of water, as 1 cen- 
timeter, to produce at the given temperature. 

(1 + Aw), the wind effect, already determined at the Reno reservoir, with A = 0.0175. 

This makes the evaporation proportional to the mass which flows through a 

given vapor tube in a given time, modified by the wind effect in removing partially 

saturated air, and presenting fresh masses which are less saturated and capable of 

absorbing more vapor. These terms will be explained in greater detail, in the order: 


de € sat 
dS’ 2, (1+ Aw) and C. 


(a) THE MASS OF VAPOR AS EXPRESSED BY THE TERM eA | 
The relation between the volume of water, v,, which changes into a corresponding 
volume of vapor, v,, at an absolute temperature, T,, is expressed by the well-known 
Clapeyron formula: 


V1 — V2 T. de 1855000 1013940 (in cu. em.), 
where ¥, is the latent heat of the evaporating water. 


dT 


Be —, the rate of change of the temperature with the change of the vapor pressure. 
e” 


41855000, the mechanical equivalent of heat. 
760, the normal pressure of 1 atmosphere, in m. m. 
1013240, the pressure of 1 atmosphere in dynes. 
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‘atio a is evaluated as follows: 
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3 of the evaporation formula, assume that 


760 EY 
% 741855000 + 1013240 = = 62790 (approx. constant). 


“The accurate computation of this formula for v,, assuming v,=1, at the different 
peratures, T, =27 3-++5, gives 


213, 356 
109, 006 


59, 312 
33, 507 
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It appears that 73 is proportional to the mass of vapor which it is possible for _ 
water at a certain temperature to produce. This simple expression for the mass 9, 
is a definite function of the temperature of the water surface S, and it is computed 
from the table of saturated-vapor pressure as given in the Smithsonian Table 43. 
Table 5 gives values of o at the middle of the degree intervals, and also at the point 
of passing the temperature degree. The values of e, are given in Table 5, and we 

assume for present purposes that the coefficient C=0.100. Hence the values of © 





C, & ue are also to be found in Table 5. The formula for the evaporation calls for 
numerical values of the expression 
ise de 
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and these are given in an expanded form in Table 6, for values of eg from eg=3.0 to 
€4=20.0 at every tenth millimeter, so that there shall be no important double inter- 
polation in using*this table. This term is the total evaporation during the interval 
of time for which C, is computed in a calm atmosphere, and it is the primary term 
of the evaporation. 
(b) THE GRADIENT TERMS and & 
d r 
It was originally supposed that it would be necessary to observe the vapor 
pressure at about 1 centimeter above the surface of the water in order to get the 


term in the gradient ratio set which would measure the primitive impulse outward 
d ney 


in the evaporation process. This consists in a bombardment of the aqueous vapor 
molecules into the free air, and a bombardment of the dry air molecules toward the 
water. This interchange of the two kinds of molecules takes place very near the 
surface of the water, and the final result is to maintain a difference of vapor pressure 
over the water surface, diminishing with the height above it. For the purpose of 
measuring these ciiererees of vapor pressure, one thermometer was floated just 
submerged on the under side of the bridge of a small raft, while the wet and dry 
bulb thermometers were raised about 1 centimeter above the surface. An extensive — 
series of computations according to these formulas have been executed with the two 
ratios 








Osten vapor pressure at the surface. 
é, vapor pressure at 1 cm. above the surface. 
Cg vapor pressure at the surface. 





€4 vapor pressure at a considerable height, as 1 to 2 feet. 
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The vapor pressure €q is determined by the ordinary sling psychrometer, swung 
by the observer standing over the evaporation pan, and it measures the vapor pres- 
sure at about 2 feet above the water surface. It was shown at Reno, Nev., and at 
Indio and Mecca, southern California, that the relations between e,, é,, €¢ are such 


that the computations executed by the system “? give a certain value of the coeffi- 


cient C,, which is nearly a constant throughout the twenty-four hours of observa- 


— tion and from pan to pan up the tower. The system gives another value of the 
ac 


coefficient Cy, which is likewise about constant, and such that C,=1.20-Cq approxi- 
mately. Generally speaking, either system can be used with equal success so far as 
the formulas are concerned, but it will be usually more convenient in practice to 
employ the sling psychrometer than the floating psychrometer. The question of 
ventilation of the thermometers on the raft near the water seems to be of very little 
importance in this work, as proved by the experiments at Reno, Nev., because the 
resulting ratios in the formula are nearly equal. In some respects the floating psy- 
chrometer near the water surface, lying in the layer of air where evaporation is 
actively in progress, would seem to be a better instrument for registering the actual 
conditions than the psychrometer which is ventilated by vigorous swinging in the 
air, because it is more nearly in the same physical state as the vapor, since it is 
located in the same part of the vapor sheet. Practically no difference in precision 
has been found as the result of the numerous observations which have been dis- 
cussed. We shall, therefore, in the future usually depend upon only one floating 
submerged thermometer and a common sling psychrometer for the observations of 
the meteorological data. 
(c) THE WIND EFFECT H,Aw. 


From the anemometer observations made at, Reno, Nev., 1907, the value of the 
wind coefficient was found to be A=0.0175 in the second term of the formula 


E,Aw, 


where w is the velocity of the wind in kilometers per hour. 

An attempt will be made to sort the observations and the computed values of 
the C-coefficient at other stations in such a way as to determine the value of the 
A-coefficient in other localities should there be any evidence of variation from this 
result. At high velocities the anemometer readings need a considerable correction 
to give true wind velocities, such as is indicated by Professor Marvin’s experiments. 
Compare Table 64, Monthly Weather Review, October, 1906. 
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The value of the wind effect is given by ° 
E, =E, X0.0175w, 


where E, is the amount of evaporation in a calm. Table 7 has been constricted to 
give this term K, apart from E,, so that the total evaporation is 


H=EH,+ E.. 


The values of w are read from anemometer dial. The readings are taken at the 
successive hours of observation. Then the difference between the anemometer read- 
ings at two successive observations, divided by the number of hours elapsed, gives the 
average hourly wind velocity in kilometers per hour during this interval of time. — 
At Reno, Nev., the interval between successive observations was three hours; at 
Indio and Mecca, southern California, it was four hours.. In the former case the 
C-coefficient is computed for three-hour intervals, and in the latter cases for four- 
hour intervals, and for comparison they must be reduced accordingly by multiplying 
the former with the factor 1.33 to reduce to the latter value of the C-coafficient. 


@ 


(d) THE C-COEFFICIENT. 


In attempting to work out a formula for the processes of evaporation it is possible 
to do this only by taking up term by term, first those which are more obviously accessi- 
ble, and then by various combinations, those which are more obscure. Thus, we 
have already evaluated terms for the mass, the gradient, and the wind effect. There 
still remain other terms involving the constant factors in the expression for the mass 
and the time. Apparently still another function exists, depending upon the vapor 
pressure at the dew-point temperature. These outstanding quantities are summed ° 
up under the C,-coefficient, and it is the next step in the research to attempt to 
evaluate this more fully. 

The Reno observations show that this C, is nearly constant at the pans above the 
surface of the water, but there was a tendency for the C,-coefficient to drop in value — 
near the water. It should be noted that there is an increase in the vapor pressure 
nearly proportional to this fall in the value of the C,-coefficient. The preliminary 
observations at Indio and Mecca, near the Salton Sea, indiGate that there is a distinct 
drop in the value of this C, Sarena so that we note a change from 0.090 at Reno 
to 0.060 at Indio, to 0.040 at Mecca. At the same time it is observed that the mean 
vapor pressure at the dew-point increases from 7.0 at Reno to 11.0 at Indio, to 16.0 at 


Mecca. Now it appears that the product of these two quantities becomes 0.63 at — 3 — 
Reno, 0.66 at Indio, and 0.64 at Mecca, so that there is an apparent connection __ 


between them. The observations are by no means sufficiently numerous to make a 
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generalization in the formula, and this part of the work is therefore reserved for the 
campaign organized for the year 1909. 

The value of the coefficient C, given in the example, is the ratio between the 
observed evaporation E, and the computed evaporation E,,. This, however, should 
be combined with the assumed value of the C-coefficient, namely, 0.100, because 
this is merely a.modification of that assumed value. If that value had been correct, 
the ratio here computed would be equal to unity and C,=0.100. It is evident that 
the true value of the C,-coefficient is obtained by setting the decimal point one 
place to the left of the values found by the computation. In the example for August 
12 the true value of the C,-coefficient is 0.100 x 0.70 =0.070. In this way the whole 
subject-matter involved in this coefficient can be studied and discussed. 

Whether the evaporation pan which is used for determining the amount of evapo- 
ration at the water surface is floated in the water or suspended near the water it is 
evident, as already stated, that while the vapor pressure at the dew-point of the air 
will be the same over the water in the pan as it is over the water in the large area, 
the temperature S of the water in the pan will be somewhat different from the tem- 
perature in the large body of water, which will be called S,. The raft should there- 
fore first be floated in the pan and the readings taken; it should then be floated in 
the water of the lake or reservoir, and simply the reading of the submerged ther- 
mometer S, recorded. This can be entered in the E, column on the same line with 
the S temperature, so that the temperatures S and 8, will be on the same line. The 
value of E, can be written just below that forS,. Now it is evident that by entering 
Table 6 first with the arguments eg and S the value E, for the water in the pan will be 
obtained. Now enter again with the same value of eg but with S,, and another value 
of E, will be found. The difference between these two values of E, will be the cor- 
rection which should be applied in transposing the observed amount of evaporation 
in the pan, E,, to reduce it to the amount that would be obtained if direct measure- 
_ ments could be found of the gage heights in an open body of water. On this prin- 
ciple it is evidently valid to measure the water heights in a pan, and correct them 
to corresponding heights in a large body of water. The temperatures of the dry 
and wet bulb thermometers on the raft, D, WV, need not be read or recorded for the 
large body of water. 


9. The Apparatus and Observations. 
PANS. 


Evaporation pans have been made of various sizes from 8 feet to 2 feet in diam- 
eter. Those used at Reno, Nev., were 6 feet and 2 feet, respectively. It has been 
supposed that the size and depth of the pans are important factors in the rate of 
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evaporation. The result of much study of this subject brings us to the conclusion — 


that the real difference consists in this fact, namely, whatever circumstances tend to 
produce a certain temperature of the evaporating water surface is of influence in 
producing the resultant evaporation. It is the location of the pans relatively to their 
surroundings rather than their size or depth which is important. The same pan 
buried in the sand, standing on the surface of the ground, standing on a platform 


raised above the ground, floating in the water, standing near a water surface, stand- 


ing high above the water surface, will evaporate at different rates. This is proved 


conclusively by the results obtained at Reno, Nev., and Indio, Cal., in 1907. The 


water in a small pan will follow the temperature pond lone of the sro mae air 
quicker than the water in a large pan because of its smaller mass. The tempera- 


ture of the water in a large pan lags behind the temperature of the air from one to 


two hours, and on this account the small pan is better than the large pan. It is 
also more convenient because it requires much less water to fill it, and this is in cer- 
tain places an important consideration. 

Pans are generally constructed of galvanized sheet iron, No. 24 or No. 26, the 
joints being heavily soldered and the top stiffened by an iron hoop riveted to the 
rim. <A convenient depth for the pan is 10 inches. If the galvanizing is done after 
the pan is made, the heating of the iron is apt to produce wrinkles in the bottom, 
which are very undesirable. The Weather Bureau is now using pans of 2, 3, 4, and 
6 feet in diameter, in all cases 10 inches deep. For shipment they are put up in 
nests so that six pans can be shipped in one crate. 

It has been customary to bury the pans in the soil, or to float them in the water, 
with the view of keeping the temperature in the pans Lgnbenle as possible the same 
as that in the soil, or in the water of the lake or reservoir which is undergoing evapo- 


ration. Asa matter of fact it is impossible to maintain the same temperature within 


the pan which the water has outside of it, because of the absorption by the metal of 
heat from the sun’s rays, and the convection currents from the iron of the pan to 
the water. There is always a small correction due to this difference of temperature, 
and it is one of the primary purposes of this research to eliminate the pans entirely 
from the final procedure which will be adopted. A pan may be floated by building 
a wooden framework around the top, to which the pan will be attached at several 


places by angle irons soldered to the pan and fastened to the frame. This frame 
stiffens the pan while it renders it buoyant at the same time. The frame may be 


placed near the top of the pan and then the pan will float deep in the water. In this 
position it will be liable to receive outside water by surging from the waves, or the 
splashing of drops carried by the wind, which of course renders the readings on the 
gage for the water height incorrect to that extent. If the frame is placed at the 
lower edge and beneath the pan, the pan will float high, and will be by so much the 





37 


safer from the effects of wind and wave. It is recommended that all pans be sup- 
ported on floats so that they will stand 7 inches out of the water, while 3 inches are 
submerged. The float in all cases should carry a heavy crosspiece under the bottom 
of the pan near the center. The bottom of the pan should be firmly attached to 
this crosspiece by angle irons soldered to the pan and then screwed into the wooden 
crosspiece. This will keep the bottom of the floating pan from buckling and surging 
as it rises and falls in the water. Unless the center of the pan is held solidly in one 
position, it forms no fixed point from which readings on the water height can be 
made. Floating pans in small ponds and reservoirs must be surrounded by heavy 
breakwaters, generally of two parts, and on the windward side they should set deep 
enough in the water to break up the surface waves. Heavy planks 2 inches thick 
standing on the side, 12 inches wide and 16 feet long, joined together at the ends in 
a square, firmly cross braced near the corners, make a good outside breakwater. 
The inner breakwater may be about 8 feet square and attached somewhat loosely to 
the outer breakwater, so that it will move a little independently in its own place. 
The floating pan is placed inside of the 8-foot breakwater and moves about quite 
unattached. It will then float on the leeward side of the 8-foot space, as far as 
possible remote from the wave and spray effects. 

In large bodies of water, as the Salton Sea, where the waves are always of con- 
siderable size, and at times of very large dimensions, it is entirely impossible to 
attempt to float pans by any method. Instead of floating the pans at the Salton 
Sea we are building towers at various points in the water. The lower pan rests on 
a movable platform, which will be attached to a cable running from a winch operated 
on the second platform of the tower, so that the pan and its platform can be raised or 
lowered at will in accordance with the state of the water. If the sea is calm the pan 
will be lowered near the watez; if it is rough it will be raised away from the water. 
As the water surface recedes by evaporation from year to year, the pan will be 
gradually lowered to follow the retreating water surface. Measurements of evapora- 
tion at the temperature of the water in the pan will be supplemented by measure- 
ments of the temperature of the water in the sea by means of the small raft carrying 
a submerged thermometer. Since the sea is surmounted by a vapor blanket having 
the same vapor pressure for a considerable distance above the water surface, the 
suspended pan will be immersed in practically the same vapor pressure that covers 
the water of the sea itself. The Salton Sea towers will have stages or floors at every 
10 feet from the water surface to 40 feet above it, with stairways, so that the observer 
can readily mount to the different platforms. Hach floor will have a small projection 
on the south side, which will carry a 2-foot evaporating pan, such as was used at 
Reno, Nev. These pans on the south side are exposed to the full radiation of the 
sun from morning till night, and attain certain temperatures pertaining to their 
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respective positions. The differential action between these pans on the towers from 
one level to another, as compared with that of the sea itself, enables us to discuss 
the observations by the formula in the most compact and efficient manner. Anemom- 
eters will be placed at different elevations on the towers, and this will permit us to 
determine the curve of the wind velocity above the water surface. Three towers 
will be built at the Salton Sea; one near the Salt Creek trestle, in 25 feet of water; 
one in 40 feet of water about half a mile out; and one in 55 feet of water about 1 
mile west of the trestle. The water is now receding at the rate of about 5 or 6 feet — 
a year, being the balance between the total loss by evaporation, and the gain by 

precipitation, which is about 2 or 3 inches a year, together with the inflow from 
the Imperial Valley through the New and Alamo rivers, which is at present an 
unknown quantity. The U.S. Geological Survey will make the necessary gagings — 
near Brawley for measuring the inflow through these two rivers. A fourth tower 
will be built on the land several hundred feet away from the water, which will give 
us measurements over the land in a vertical direction. A row of pans extends in a 


line perpendicular to the shore of the sea and stretches back into the desert, about — a 


300 feet apart, the most distant pan being about 1,500 feet away from the water. 
These pans will be used to determine the differential rate of evaporation in passing 
from the water surface to the desert, and they will determine the distance to which 
the vapor blanket overspreads the land, so as to be effective in retarding the rate of 
evaporation by the thickening of the vapor. There will be four auxiliary stations 
in the neighborhood of the Salton Sea equipped with two pans each, one standing 
on the ground, and one raised on a stand 10 feet above the ground. ‘The station at 
Mammoth, on the Southern Pacific Railroad, will give a measurement of the maximum 
evaporation possible in an excessively hot and dry climate. The station at Brawley, 
midway between the New and Alamo rivers, and located in an irrigated region, will 
give an account of the effect of irrigation upon the rate of evaporation in the Imperial 
Valley. The stations at Indio and Mecca are intended to show the effect upon 
evaporation due to the comparative proximity to the sea, half a mile away at Mecca, 
and 13 miles away at Indio. These auxiliary stations, taken together with the 
principal station at the Salt Creek trestle, should enable us to determine the function 
involved in the C-coefficient, which is as yet unknown, but seems to be neces-— 
sary for the completion of the formula. The stations at the reservoirs of the Recla- 
mation Service and the Geological Survey, located in different typical places in the 
United States, will efficiently supplement the Salton Sea work in ae the 
action of the Foci in different climatic conditions. 


GAGES. 


The exact height of the water surface in the pan at the time of the observation is 
the most important, and unfortunately the most difficult observation to make. It 
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should be determined with an accuracy equal to the’one-tenth part of a millimeter, in 
order to do justice to the requirements of the formula. In the open air when the wind 
is blowing, especially in the case of pans which are floating, it is very difficult to 
obtain a still water surface to which such accurate readings of the gage can be 
referred. It is always necessary to construct some form of a still-well, by means of a 
tube near the center of the pan, which has a small opening at the bottom. Into this 
tube the water rises to the gravity level, that ‘s to say, to the average level of the 
water surface after eliminating the minor waves and fluctuations. With such a still- 
_ well a reasonably good level surface of the water can be secured. There are numerous 
pieces of apparatus designed for measuring such water heights. (1) The ‘hook 
gage,” in which a submerged hook approaches the surface from the under side, the 
height being measured by a vernier. (2) The ‘‘pin and cup” system, wherein a fixed 
point in the center of the still-well is used as a point of reference, and the number of 
cups required to fill up the water to the point is counted. The amount evaporated 
is determined by the relative area of the pan and a measuring cup whose contents 
are known, so that the quantity measured by the cup can be interpreted in terms of 
the height of the added water sheet over the area of the large pan. (3) A ‘‘microm- 
eter screw,” consisting of a graduated head and screw with a scale, which is moved 
from a fixed point to touch the water surface, the point of contact being generally 
well indicated by the sudden change in the shape of the water surface. (4) A 
‘spindle float,’ carrying a mirror on a metal surface, is read by a micrometer screw 
at the height of the water level on some reference scale. (5) A ‘siphon,’ leading 
from the center of the large pan to a small auxiliary pan which contains a float, and 
_may be provided with some multiplying device to read the height of the water on a 
dial scale. (6) A ‘‘float in the still-well” of the large pan may be made to register by 
a self-recording pen on a cylinder driven by clockwork, so as to make an automatic 
register of the height of the water surface. (7) A ‘‘burette tube,” consisting of a 
glass tube 1 centimeter in diameter, with a vertical scale in centimeters and milli- 
meters cut along the side of the tube. The lower end of the tube is drawn out into a 
neck, and one side of the neck should be ground away so as to leave access for the 
water into the tube when standing upright in the water and resting on the bottom of 
the pan. The burette tube is fitted with a small plunger which is moved by the 
finger to plug the opening at the bottom when the water has risen in it to the gravity 
level. Immerse the tube in the water, which will rise in the inside up to the gravity 
level of the outside rough water surface; plug the burette with the plunger and raise 
the burette to the level of the eye. The surface of the water will form a meniscus, 
concave downward, and when held against the light the lower edge of the meniscus 
forms a sharp line across the divisions of the millimeter scale. If the tube is placed on 
a support for steadiness, one can read to the tenth of a millimeter after a little practise. 
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The mean of three such readings taken in succession makes a good measurement 
of the actual height of the water surface from a fixed point in the bottom of the pan. 
This fixed point is obtained by soldering a smooth copper disk 1 inch in diameter 
into the center of the pan, and the burette tube should be placed upon this at every 
reading. The burette tube is the simplest and least expensive apparatus for measur- 
ing water heights, and in the hands of good observers it will give excellent results. 
All the pieces of apparatus just mentioned have their advantages and defects, 
which it is not necessary to enumerate. It may be said in a general way that it is 
not desirable to make an apparatus whose registration is more accurate than the — 
practical setting of the contact point on the water surface. If there is no water 
surface which can be determined with greater accuracy than the tenth of a millimeter, 
it is not worth while to make readings to the hundredth of a millimeter, because of the © 
great additional labor involved in the numerous computations. All observations 
made on a free water surface where no still-well has been constructed should undoubt- 
edly be rejected, except in work which is recognized as rough approximation. Mi- 
crometer points which set on a water surface have much less value in the night, and 
in dark weather, when the reflected image of the micrometer becomes indistinct. 
If large floats are employed the still-well will be correspondingly large, and in the open 
air when the wind is blowing it is quite impracticable to keep the float from swaying 
through several tenths of a millimeter by the mere concussion of the wind. If these 
floats are protected by glass the apparatus becomes correspondingly more expensive. 
For preliminary work the burette tube is sufficiently accurate. In a fixed plant, 
which is likely to have a long period of activity, it would be well to establish an 
expensive form of gage registration, especially if it can be made self-registering. 
~ The labor of reading evaporation apparatus every four hours throughout the day and — 
night is so burdensome that it will hardly be done except in the interest of a strictly 
scientific research. It is believed that a knowledge of the correct formula will enable 
us to dispense with all the proposed four-hourly observations except at the hours of 
minimum, as 5 to 6 a. m., and the hours of maximum, as1to3p.m. It is also hoped 
that by means of the formula and tables it will be possible to entirely dispense with — 
the use of evaporation pans and gages, and to compute the amount of the evapo- 
ration directly from a few simple meteorological observations, namely, the tempera- 
ture of the water surface, the vapor pressure at the dew point, the temperature of the 
air, and the mean velocity of the wind. It would be entirely feasible to make the 
entire operation self-registering if it were possible to discover any method for accu- 
rately determining the vapor pressure of the air at the dew-point temperature by 
some automatic apparatus, but, in spite of the incessant efforts of meteorologists to 
devise such a vapor-pressure instrument, nothing of the sort has yet been accom- 
plished. There is a fairly accurate instrument for registering the relative humidity 
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of the air, and from this the vapor pressure can be computed through the temperature 
of the dry-bulb thermometer, which can always be made self-registering. This is the 
nearest approach to an automatic system that now seems possible, but every effort 
will be made during the Salton Sea campaign to devise some system which will record 
the vapor pressure of the atmosphere. 


RAFT. 


The temperature of the water surface is obtained by floating a thermometer so 
that it will be just submerged beneath the topmost layer of the water. In order to 
determine the gradient of the vapor pressure near the surface of the water—that is, 
1 centimeter above it—wet and dry bulb thermometers are sustained at this elevation 
by means of a small floating raft. The raft is constructed of pieces of pine wood 
three-fourths of an inch square, two pieces 13 inches long and two pieces 7 inches 
long. The 7-inch pieces are tacked upon the top of the 13-inch pieces to form a 
bridge, so that the crosspieces shall leave 3 inches of the 13-inch pieces projecting 
outside of them. A centigrade thermometer covered with a glass jacket is attached 
to the center of the bridge on the lower side and marked S$. Two common centigrade 
thermometers are attached to the upper side of the bridge pieces, so that they are 
lying halfway between the center and the inner edge of the 13-inch pieces. To one 
of these thermometers is attached a linen rag long enough to reach over into the 
water when the raft is floating, and it is marked W, the dry thermometer being 
marked D. It should be noted that in dry climates evaporation is so rapid that it 
requires a considerable amount of water to lower the wet-bulb reading to its mini- 
mum point. If the rag is wound tight with only one or two layers, it will not carry - 
enough water to bring down the wet-bulb reading to its lowest limit. It is well to 
wrinkle the linen rag—that is, fold it back and forth in layers one-eighth inch wide 
before attaching it to the wet bulb. The rag should be placed around the wet bulb 
rather loosely and then tied tight above the mercury bulb. The thread should now 
be wound a little loosely along the bulb and tied again below it, but not so tight as 
to choke the neck of the rag. The same method applies to the wet bulb on the sling 
psychrometer. Unless this precaution is taken, it will not be generally possible to 
obtain the lowest reading of the wet-bulb thermometer. On the raft the rag floats 
in the water, and there is usually enough wind to ventilate it so that it works satis- 
 factorily. At any rate the evaporation from such a rag is so nearly like that of the 
water surface near by as to make the conditions comparable. 

The three thermometers on the raft are attached with wires threaded to small 
brass screws or by small brass clamps held down by the screws on each side. The 
notation of lower submerged thermometer S, the upper dry-bulb thermometer D, 
and the wet-bulb thermometer W is preserved throughout the computations to dis- 
tinguish them from the dry bulb ¢ and wet bulb ¢, on the sling psychrometer. This 
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raft with its thermometers will float in quite rough water without wetting the dry 
bulb. Its dimensions are such that it protects the thermometers from hitting the 
pan. In making the observations the raft should be laid into the water and left 
during the time taken for reading the sling psychrometer, the anemometer, and the 
water-gauge tube. After that the three thermometers will have reached their proper 
readings, and these should be taken without lifting the raft from the water. After 
the observations are over remove the raft from the pan, and stand it on end in a 
basket so that the bulbs will be on the lower side. This position will keep the col- 
umns of mercury from breaking and ready for immediate use. A small square ~ 
wicker basket, 8 or 10 inches square and 12 inches high, should always be provided 
for keeping the apparatus. By means of strings, a proper compartment may be 
made for the raft so that it shall stand across the middle of the basket. In one | 
corner should be made a place for the psychrometer, and in another corner a place — 
for the burette tube, and in case work is done upon the towers it is convenient to 
have placed in the bottom of the basket a galvanized-iron cup of water for wetting 
the rag of the wet-bulb thermometer attached to the psychrometer. Never lay the 
thermometers down on the platforms; always put them into the basket to avoid 
accidental breaking. In case thermometers are broken, send the pieces to the sec- 
tion director of the State and request a new supply. Pieces must be returned to 
comply with the regulations regarding property. 


PSYCHROMETER. 


In the ordinary sling psychrometer, consisting of a handle joined by a link to a 
metal back with two centigrade thermometers attached, a wet rag is fastened to 
the thermometer which projects lowest from the metal frame marked t¢,, and the rag — 
should be tied on in the way that has been described above. In making the obser- 
vations dip the wet bulb with the rag into the cup of water and swing it vigorously 
for two or three minutes. Make the readings of each thermometer, calling the dry 
bulb ¢ and the wet bulb ¢,. Dip the wet bulb again and swing it about half the 
time occupied by the first swing. In this way make three readings in succession. 
It is not necessary to discuss the question whether the readings of these thermome- 
ters would be different if they were protected by a shade or shelter of some sort. 
The readings are made in the sun and wind just as théy occur in the open air, and the ~ 
constants of the formula adjust themselves up to this condition; as a matter of fact 
the resulting ratios are identical. It is much simpler and more natural to make these 
readings in the open, because any type of shelter introduces various additional con- 
siderations. A series of experiments with the sling psychrometer, in the shade as 
was afforded by the upper platforms at the towers in Reno, Nev., and in the open, did 
not seem to indicate any important difference in the computed results. Furthermore, 
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these readings of the thermometers are merely to form the arguments in a table con- 
structed to give the vapor pressure, while these are combined into a ratio in the for- 
mula, and on that account some range of the temperature readings does not introduce 


into the final result an error that is worth considering. Three readings are made of 


the sling psychrometer, three are made of the burette gage tube, and one reading is 
made of each of the thermometers on the raft. Aside from the anemometer these 
constitute a complete set of observations at a given hour. If the observations are 
taken four hours apart the difference between the readings of the gage gives the 
height of the water which has been lost during the interval of four hours’ through 
evaporation, provided, of course, there has been no rain. Since the thermometer 
readings apply strictly to the time at which they were taken, namely, the hours of 
observation indicated in this schedule, 2, 6, and 10 a. m., and 2, 6, and 10 p. m., while 
the amount of evaporation is that which has gone on during the time between these 
hours taken in pairs, it follows that we must adjust temperature conditions.in the for- 
mula to cover the successive four-hour intervals and not use the temperatures at 
either end of it. If the evaporation is an integral of the conditions during four hours, 
we should in point of fact use the integral temperature condition during these same 
hours. The hours of observation have been so chosen that by taking the mean values 
of the temperature conditions at the successive pairs of hours during the day, the 
function in the formula for the evaporation and for the meteorological conditions are 
comparable. This will be explained a little more fully in connection with an example. 
It is evidently not proper to compute the evaporation for a given interval of time by 
means of the meteorological conditions observed at the end of that interval. It 
would be better to observe directly the meteorological conditions at the middle of the 
interval, but this would double the number of hours of observation, and it is generally 
sufficient to take the mean values of the successive pairs. 


ANEMOMETER. 


The ordinary Weather Bureau Robinson anemometer, which registers the 
velocity of the wind in miles per hour, has been adapted to read in kilometers per 
hour by changing the gearing and shortening the arms a little, so that the same dial 
scale is employed in both cases, though differently interpreted. The dial consists 


of two graduated wheels which move so that one wheel rotates faster than the other, 


and both wheels rotate past a fixed point. There are two marks to read on the 
dials. The inner wheel is graduated from 0, for every 10 kilometers, around to 990 
kilometers, which again coincides with the 0-line. Ten kilometers are lost in the 
combined rotation of the pair. The outer wheel carries a O-mark and thére is 
another 0-mark on a fixed peg outside the larger wheel. Read the kilometers up 
to the given 10 on the inner wheel, and the units and decimals on the outer wheel. 
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For example, 660 kilometers on the inner wheel, and 6.3 on the outer wheel, which 
combined makes 666.3. (The anemometer is to be read at the time of the observa- 
tion, and if the observations are three hours or four hours apart, the difference 
between the two successive readings divided by the interval in hours gives the 
velocity of the wind per hour. | 

The anemometer is to be mounted on a firm support so that the cups will rotate 


in a horizontal plane, and there should be no vibration communicated to the cups. 


on account of looseness, or lack of stiffness in the upright support. An iron tube 


for a pin driven into a solid piece of wood makes a good support to which the ane-_ | 


mometer tube can be screwed. On the back side of the tube opposite the dial 
there is an oil cap, and when this is removed the lower end of the vertical spindle 
and its.pivot are exposed. This should be kept clean, free from dust or grit, and 


it should be oiled every week or ten days, so that there shall be maintained a uniform — 


friction for the rotating part. It is very necessary to keep the friction uniform, or 
else there will be a modification of the speed of rotation. There is a brass nut at 
the top of the standard which can be turned out by a small wrench, and this will 
admit of the removal of the upright spindle whenever required. In the evaporation 
work it will usually be sufficient to read the anemometer to the kilometers as units, 
omitting the tenths. It should be noted that the observed readings taken from 
the anemometer dial should have a certain correction to reduce them to actual 
readings. <A table for the corrected wind velocities, as indicated by the Robinson 
anemometer in miles per hour, may be found in the Monthly Weather Review, 
October, 1906, in paper No. 8, Studies on the Thermodynamics of the Atmosphere, 
Table 64. A corresponding table in kilometers per hour can be easily computed 


from this table. The correction amounts to a large figure at very high velocities, — 


but it is now thought that this whole subject should be revised by experiment, 
especially since there is some doubt about the correction above 30 miles per hour. 
We have not attempted to apply the correction in evaporation work, though it 
should not be omitted in case of very refined experimental observations. 


STANDS. 


Except for the station at the Salton Sea, where special experiments are carried 
on, it has been thought sufficient to arrange at all secondary stations for two evap- 


orating pans; one on the ground and one on a stand 10 feet high. There are several — 


theoretical reasons for requiring the evaporation at the surface of the water, or on 
the ground, and the simultaneous evaporation about 3 meters or 10 feet above the 


lower pan. The accompanying diagram of. an observing stand for evaporation 


gives the working drawings for constructing a suitable stand. The stand carries 
one middle platform 5 feet above the ground, and another platform 3 feet square 10 
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FIG. 2.—-WORKING DRAWINGS FOR CONSTRUCTING AN EVAPORATION STAND. 


pe oper 


oe I ay GS. | Ie em = 


—w <a 



















ait. 5 ttn 





7 RAs —— 
ser ff a 
iL i= 


Renee cneenaetnnnanaan 
“ . \ : 

| > 
~ 5 ‘ P . 


—_ 


xe) = meg 
igeanls 











49 


feet above the ground. Place on the upper platform a 2-foot pan or a 3-foot pan 
for evaporation. The peg indicates the place for the anemometer, which will revolve 
with its cups just above the water in the pan. The lower platform is intended to 
carry the ordinary Weather Bureau shelter with its maximum and minimum ther- 
mometers, such as are used in the ordinary cooperative climatological observations. 
Whenever practicable it is well to unite the observations for climatology and evap- 
oration at the same place, and this stand is made convenient for that purpose. The 
stand should be located in such a way on the ground that the ladder is on the south 
side. The Weather Bureau shelter will then open toward the north. In a line due 
south of the center of the stand place the second evaporation pan on the ground 
4 or 5 feet distant. The pans are, of course, then in a due north and south direction, 
the pan on the ground being to the south of the pan on the stand. It will usually 
be advisable if not necessary to surround the stand and its pans with a wire screen 
fence, to keep off animals and intruders from the water in the evaporating pans. 
Posts united by a 4-foot wire netting, with a suitable gate and lock at one corner, 
can be conveniently constructed. The stands usually cost about $25 to make and 
erect, and they may be painted with two or three coats of white lead paint. In the 
very dry desert climates it is well to paint with asphaltum paint, as this prevents 
the wood from cracking. Such stands when once made will last many years, and 
will become a center of meteorological work for a very valuable station. 

The pans on the ground are set on a strong frame, the square dimensions being 
somewhat larger than the diameter of the pan. The frame should be built of 4 by 
4 inch pieces firmly jointed at the corner, and a crosspiece should run through the 
center to support rigidly the middle of the pan. For 6-foot pans a double cross 
piece at the center is essential. If there is any evidence of wrinkling of the iron of 
the bottom of the pan, attach it firmly to the crosspieces by angle irons. 


10. Tables. 


In order to facilitate the discussion of the observations on evaporation it has 
been found convenient to construct seven tables for computing the various quan- 
tities which occur in the discussion. 

TABLE 1. The vapor pressure in millimeters for stations near the sea level.—In 
this table the barometric pressure is 760 millimeters, and the table is available for 
stations within 1,000 feet of the sea level. 

TABLE 2.—Table 2 is similar to Table 1, but it has been computed for the 
barometric pressure 645 millimeters, and it is generally available for evaporation 
stations on the Rocky Mountain plateau. 

Since these tables are employed simply to obtain an argument for entering Table 
6, it is not necessary to use more than these two tables for the ordinary experiments 
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on evaporation in the United States. The arguments for using these tables are 
the readings of the wet-bulb thermometer ¢, on the left-hand column, and the differ- 
ence between the readings of the dry and the wet bulb thermometers ¢-#¢, on the upper 
line. With these two arguments, ¢t, and ¢-¢,, by interpolation in the body of the table 
the vapor pressure in millimeters is immediately found. The left-hand column in 
the body of the table, under 0, gives the vapor pressure when the air is saturated at 
the temperature marked ¢,. In this case t, becomes the same as the dew-point tem- 
perature d, and the readings of the wet and dry bulb thermometers coincide. The 
tables have been expanded so fully that there is practically no interpolation except 
the simple one along the lines from left to right. It should be noted that the differ- 
ences between the columns on the horizontal lines are about the same, namely, four 
or five tenths throughout the table, and this greatly facilitates the interpolation of 
the same. | 

TABLE 3. The pressure of aqueous vapor in saturated air at temperature d.—This 
table gives the pressure of the aqueous vapor in saturated air at the temperature of 
the dew-point d. It is the same as Table 43 in the Smithsonian Meteorological — 
Tables, 1907. It gives the vapor pressure for every degree and tenth of the dew- 
point. If the vapor pressure has been derived from Table 1 or Table 2, the corre- 
sponding dew-point is taken from*Table 3 by passing from the figure in the body of 
the table to the temperature argument on the outside. 

TABLE 4. Relative humidity—Centigrade temperature.—Table 4 gives the rela- 
tive humidity, using the centigrade degree temperatures. The argument on the 
left-hand column is ¢-d, the difference between the dry-bulb and the dew-point tem- 
perature. The argument along the upper line is d, the dew-point temperature. 
This table in part is the same as Table 45, Smithsonian Meteorological Tables, 1907. 
The value of ¢ is obtained from the dry-bulb thermometer, and the dew-point tem- | 
perature is computed through the vapor pressure, as given-in Tables 1 or 2. The 
relative humidity is defined as the ratio between the vapor pressure at the dew-point 
temperature to the vapor pressure at the dry-bulb temperature, after this ratio has 
been multiplied by 100, so that the relative humidity is expressed in’ percentages. 

TABLE 5 is an auxiliary table used for computing Table 6, which is constructed 
to give the amount of evaporation in four hours during calm weather, assuming that 
the value of the C-coefficient is equal to 0.100. ‘The terms in the formula are now 
easily understood from what has been already said without further explanation. 
For the temperature (of saturation) of the water surface S as an argument in the left- 
hand column, extract from the Smithsonian Table 43 the vapor pressure of saturation 
at the temperature S from 0 to.40 degrees and call this e,. Take the column de for 
the difference between the values in the column e,. They express the change in the- 
vapor pressure from one degree of the saturated temperature to the next degree, and 
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they are the rate of change actually taking place at the middle of the interval. Com- 


| hie de 
pute the mean values of the successive pairs of de, and write them in the column 7 


This is the value of the differential ratio expressing the rate of the change of the 
vapor pressure to the change in the temperature at the points indicated in the 0-col- 


umn argument es. Multiply the numbers in the columns e, by those in for the 


column e, oe Finally, multiply this by 0.100, the assumed value of the C-coeffi- 


cient C=0.100 for the values in the last column. If these numbers are divided in 
succession by certain values of eg the vapor pressure at the dew-point, we shall have. 
the first term in the evaporation formula K,. 


TABLE 6 has been computed from values of eg from 3.0 to 20.0 for every tenth 
millimeter of the vapor pressure, and for every degree of the temperature argument S 
from 0 to 40 degrees. Table 6 gives the amount of evaporation in four hours expressed 
in centimeters, on the assumption that the C-coefficient is 0.100. We know that 
the value of the C-coeflicient is not a constant, and it is not equal to 0.100 at all 
stations, but since it is not far from this value at Reno, Nev., it is convenient to adopt 
it for the sake of furthering the practical work of the computations and discussion. 
The coefficient C contains some function which is not yet understood, and it is our 
purpose to so arrange the observations and their discussion as to bring this term 
prominently forward, with the hope of. discovering what the function is that the 
formula requires for its completion. : ) 

TABLE 7 uses as its argument the velocity of the wind in kilometers per hour, w, 
as obtained from the anemometer, which is placed in the left-hand column. The 
values of E, derived from Table 6 is the other argument along the top line of the table. 
With these two arguments E, is taken from the body of the table, and it expresses 
the amount of evaporation due to the action of the wind under these conditions. 
This process enables us to secure the evaporation as a function of the temperature 
in calm weather by itself, and the amount of evaporation to be added to this which 


- is due to the effect of the wind. They can be studied separately in the further devel- 


opments of the formula. 


11. Exampies of the Method of Recording the Observations and Making the 


Computations. 


In order to illustrate the method of recording the observations and making the 
computations, an example is taken from the work at Reno, Nev., in August, 1907. 
At that station the observations were made every three hours, so that these obser- 
vations in the example at 2 p. m. are to be compared with those which were made 
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at l1a.m. It has since then been found practicable to construct the diurnal curve 
by using observations every four hours apart instead of every three hours apart, — 
so that the work in the future will be based on a four-hour interval instead of a 
three-hour interval, according to which this example is computed. The principal 
point to note is that under the values of the anemometer A, under the sum E, under 
evaporation K,, there are differences to be taken between the observations as 
given at 2 p.m. and 11 a. m. in our example, but in the practical work of the future 
the differences are to be taken from 10 a. m. to 2 p. m., and so on for the other hours - 
of the day. Similarly, the resultant coefficient here Gonniedn is for the three hours, 
but for the four-hour interval it should be multiplied by 4/3 = 1.33. 

On the top line write down the hour of the observation and the number of ihe 
pan. The page is arranged to carry observations at the same hour and for the same 
pan on ten different dates. These dates may or may not be in the succession of the 
calendar. In the ordinary course of events there will be collected together on the 
same page ten observations made on the same pan, at the same hour in the day, 
and practically in the same month of the year. The mean values of the ten obser- 
vations will tend to eliminate the local variable meteorological conditions which 
occur in all of this type of observations. Under column 2 write in the year and 
the date of each observation. Under the group marked “Air” are found under ¢ 
three readings of the dry-bulb thermometer and their mean value; under #¢, three 
readings of the wet-bulb thermometer and their mean value; under ¢-¢, the differ- 
ence between the mean dry and the mean wet-bulb thermometers. Thus under 
August 12 we have: | 

£318 t= 165 oi pala 8 

Entering Table 2 in this case for the Rocky Mountain plateau with the argu- 
ment 16.5 in the left-hand column and 15.3 along the top line, take out the vapor 
pressure ¢g=7.3, which is the vapor pressure at the dew-point temperature. Two 
other vapor pressures, é, €&, are written above in the same column, and these can 
be explained as follows: Under the section marked ‘‘ Water,” as already explained, 
there are on the raft three thermometers, S submerged,. D dry bulb, W wet bulb, 
carried on the raft. Sis on the under side of the bridge; D and W are on the upper 
side of it. D and D—W are the arguments for the saturated vapor pressure e, on 
the raft, about 1 centimeter above the water surface from which quantities it can 
be computed. In the example for August 12, S is 28.0, D is 29.8, W is 16.8. Tak- 
ing the difference between D and W, which is 13.0, we have for the arguments in 
Table 2, 16.8 and 13.0, which give the vapor pressure ¢,=8.6. Enter Table 3 with 

the argument S in this case 28.0 for the saturated: vapor pressure, ¢;,=28.1. We 
have now three vapor pressures given, é, the vapor pressure at the water surface, 
é, vapor pressure due to evaporation 1 centimeter above this, ég the vapor pressure 
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in the free air 1 or 2 feet above the water surface. Near the water surface the vapor 
_ pressure is due to the molecular bombardment, that is, from e, to é,, while éq is the 
vapor pressure of the air as it blows over the water 1 or 2 feet above its surface. 


The values - namely, the upper figure divided by the lower, is the value for the 
d 
gradient which is used in the formula. It has been shown by computation that the 


ratio _ can be equally well utilized in computing the coefficient C, though, of course, 


it gives a different value of it. It is the interrelation of these three vapor pressures 
fant the temperature of the water surface which seem to be principally concerned 
in determining the rate of the evaporation. 

For the Tima computations we need, as already explained, simply the 
arguments 5 and éq, in this case 28.0 and 7.3. Entering Table 6 with these argu- 
ments, take out the value of the first term of the evaporation, E, =0.63. 

ader the section wind we have the anemometer reading at a given hour 98, 
and the anemometer reading at the preceding hour, 11 a. m. in this case, 85 preuett 
forward for convenience, though the numbers in Hales need not Pe lnele be writ- 
ten down on the successive pages. Take the difference between 85 and 98, which is 
13; divide by 3, the interval of time in hours elapsed, and we have w=4, the wind 
velocity in kilometers per hour. The direction of the wind is noted under the col- 
umn heading, “Dir.” In Table 7, with the arguments E,=0.63 and w=4, we find 
E,=0.04, which is the effect of the wind upon evaporation. Under the column 
“Sum” add EH, =0.63 and EK, =0.04 to make EK =0.67. Since we must have the aver- 
age evaporation during the interval from 11 a. m. to 2 p. m. in this case, the value 
of the evaporation as computed in a similar manner for 11 a. m. has been brought 
forward and written in italics, 0.55. Take the mean value of 0.55 and 0.67 for ~ 


K,,+H 
co 


a.m. to 2 p.m. as computed by the formula. In the section, ‘“‘Evap.,”’ under column 
h we have three readings of the water-gauge tube, and the mean value is 12.93. 
Bring forward the corresponding value of the water height as taken at 11 a. m., 
13.36; subtract 12.93 from 13.36, which gives E,=0.43. If the value of the C.- 
coefficient as adopted, namely, C,=0.100, had been correct, these values of E,, and 


or Km=0.61, which is the mean evaporation during the interval 11 


_E, would have been the same. Since they are different we take the ratio He and 


place this in the last column marked ‘coefficient C.’”’ In the example for August 

12 it is 0.70. It is the purpose of these observations to compute many values of 

this coefficient ratio, as 0.70, 0.83, 0.74, in different places having the same general 
69399—09—_4 
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climate. For example, at a given reclamation project, from a pan in the water 


and from a pan 10 feet above the water; from a pan on the ground in the midst of 
an alfalfa field and from a pan on a stand 10 feet above the ground; from a pan on 
the ground in a dry place, that is, at a considerable distance away from the reservoir 
and from an irrigated field, and from a pan on a stand 10 feet above the ground. 
_ This will give us the variations of the coefficient at different localities of the same 
climate. By means of the work at the Salton Sea and the several reservoirs of the 
Reclamation Service and the Geological Survey, we shall find values of the C-coef- 


ficient in the different climates. It seems necessary to make all these observations 


in order to provide material for the further discussion of the adopted evaporation 
formula. 

It is often convenient to compute the dew-point and relative humidity, and 
examples are given for the same dates, August 12, August 13, August 14. With 
the argument ¢ as for August 12, 31.8, take the vapor pressure from the saturated 
Table 3, which gives ¢,=34.9. Having the saturated vapor pressure eg=7.3 for 
the dew-point temperature, take the corresponding dew-point d=6.7 from the same 
table. Take the difference t-d=31.8—6.7=25.1. With the arguments t-d=25.1 
and d=6.7 in Table 4 take out the relative humidity, 21 per cent. This can be 
ee =21 per cent. The precepts which 
follow define the meaning of the terms as already explained, and are given for con- 
venient reference. 


checked on dividing ¢4 by é, in this case 
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Examples of the Method of Recording the Observations and Making the 


Computations. 


RENO, NEVADA. 


EVAPORATION OBSERVATIONS. 
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TO COMPUTE THE DEW POINT AND RELATIVE HUMIDITY = a. 
t 























Date. Aug. 12. Aug. 13., Aug. 14. 
t/ 31.8 34.9=¢e 28.6 29.1=e -| 28.5 28.9=e 
d 6.7 “Fis=—€4 8.4 82-64 4.8 6.4=e4 
t-d| 25.1 20. 2 23. 7 
Table 4 2195. 21% 28% 28% 22% 22% 
THE ADOPTED NOTATION. 
t=dry bulb temperature, ti=wet bulb temperature. 
Table 2 t-t;= difference. ¢, and (¢-t,) are the arguments for eq. 
Table 3 S= temperature of water surface. Sis the argument for es. 
D=dry bulb, and W=wet bulb or. the raft. 
Table 2 | Wand D-W are the arguments for e,. 
Table 3 tis the argument for é;. 
Table 3 éa is the argument for d. 
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TABLE 1.—The vapor pressure in millimeters for stations near the sea level. 
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TABLE 1.—The vapor pressure in millimeters for stations near the sea level—Continu 
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TABLE 1.—The vapor pressure in millimeters for stations near the sea level—Continued. 
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TABLE 1.—The vapor pressure 1n millimeters for stations near the sea level 
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TABLE 1.—The vapor pressure in millimeters for stations near the sea level—Continued. — 
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TABLE 1.—The vapor pressure in millimeters for stations near the sea level—Continued. 
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TABLE 1.—The vapor pressure in millimeters for stations near the sea level—Continued. 
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vapor pressure wm millimeters for stations near the sea level—Continued. 
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stations near the sea level—Continued. 
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— TaBie 1.—The vapor pressure in millimeters for stations near the sea level—Continued. 
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TABLE 1.—The vapor pressure wn millimeters for 
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stations near the sea level—Contiaued. 
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TABLE 1.—The vapor pressure in millimeters for stations near the sea level—Continued. 
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TABLE 1.—The vapor pressure in millimeters for stations near the sea level—Continued. 
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TABLE 2.—The vapor pressure in millimeters for stations on the Rocky Mountain plateau. 
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TABLE 2.—The vapor pressure in millimeters for stations on the Rocky Mountain plateau— 3 
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TABLE 2.—The vapor pressure in millimeters for stations on the Rocky Mountain plateau— 
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B=645 mm. 
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Continued. 
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20.2 12° 8 12c4 11.9 11.5 11.0 10. 6 10, 2 OaF 9.3 8.9 
20.3 4256 12.5 12.0 115.6 i202 10.7 10. 3 9.8 9.4 9.0 
20.4 13.0 12.6 ea P17 Fiat 10. 8 10. 4 10.0 Oe Oat 
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21.9 14.7 14.3 L368 1364 13.0 12.5 ie Livy LT 25 IONS 
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TABLE 2.—The vapor pressure in millimeters for stations on the Rocky Mountain plateau— a4 





















































Continued. 
B=645 mm. 
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25.4 2A~ 232.0 est 22.8 22 stl ero 21.5 270 20. 6 20.1 4AiO- 
25.5. |: 24,2 | 123.8 eas 4 4 22. 9.1292. 5°) a ger0. = 21n64 eae 20. 7:| 20.37) Gieae 
25.6 24.4 23-0 23.5 Pet ee eee ee #) 2272 215-7 2523 20.9 20.4 | 20.0 
255%, 2455 24.1 23.6 23.2 20517 Pee 21.9 REA eno ete 20.61 920m 
L106 Wear 543 2378 £93 33 22,0 F2en5 22304-24064 Voree 20. 7. 45 20ne : 
25.9 24.8 24.4 2250 23.5 on tT 2276 2259 ap 24 20.9 | 20.4 c 
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Zhek 26.6 26.2 25.8 mae 24.9 24.4 24.0 2206 23.1 22.°9. 1 gaan 
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7 fen We eae Pe 26. S696 A ees o Nees te 2521 24. 6:1 24, 8 23:7 Boe 22.9 i 
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= | Continued. 
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19:3 18.8 18.4 17.9 17: 5 C7aL 16.6 1622 15. Soiel5ag 
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Continued. 
B=645 mm. 
tats 0 vee? 3 Ay 5 6 7 8 9 10 
ire arse MB 28.1 has 2 Tae 26. 8 26,02 25.9 254 |-'25.0 24. 5 |- 24.1 
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TABLE 2.—The vapor pressure in millimeters for stations on the Rocky Mountain plateau— 
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TABLE 2.—The vapor pressure in millimeters for stations on the Rocky Mountain plateau— 
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TABLE 2.—The vapor pressure in millimeters jor stations on the Rocky Mountain plateau— 
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Continued. 
B=645 mm. 
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vapor pressure in millimeters for stations on the Rocky Mountain plateau— 
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TABLE 3.—The pressure of aqueous vapor in saturated atr at the dew-point temperature d, 
metric measures. 
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TABLE 4.—Relative humidity — centigrade degrees. t = temperature of the dry bulb; 
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TABLE 5.—An auxalary table for computing Table 6. 
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TABLE 6.—The first term of the evaporation in a calm. 
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TABLE 6.—The first term of the evaporation in a calm—Continued. 
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TABLE 6.—The first term of the evaporation in a calm—Continued. 
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TABLE 6.—The first term oj the evaporation in a calm—Continued. 
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in a calm—Continued. 
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TABLE 6.—The first term of the evaporation in a calm—Continued. 
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TABLE 6.—The first term of the evaporation in a calm—Continued. 
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TABLE 6.—The first term of the evaporation in a calm—Continued. 
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TABLE 6.—The first term of the evaporation in a calm—Continued. 
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TABLE 6.—The first term of the evaporation in a calm—Continued. 
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6.—The first term of the evaporation in a calm—Continued. 
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TABLE 6.—The first term of the evaporation im a calm—Continued. 
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24 O. 21 Ov2t OW? i O. 21 0. 20:/> 0.20°}°°0..20 | 0: 2051 0, 201590. Onna 
PALS 5 re) O28 Ones 0,23 0.:23 0.223 2 serene ©. 22 0. 22 | 0.22 
26 oO. 26 O. 26 02265). 10. 26 O. 26 O. 25 O25 0. 25 0. 25 0. 25) Onas 
27 O. 29 0. 29 0220510 60,20 O. 29 oO. 28 0. 28 oO. 28 0. 23 Q: 28 |\O227 
28 | 0.33 D729 0.132 0.32 O. 32 O. 32 O. Br 0,31 O. 31 0.3147 Oeag 
29 0.39 oO. 36 O. 36 O. 36 oO. 36 O. 35 0.35 | 0.35 0. 35 O. 34 | 0. 34 
30 O. 41 O. 41 0.40 | 0.40 |. 0.40 O. 39 O. 39 0. 39 O. 39 0. 38) 0238 
31 O. 45 O. 450} 9 +0. 45 03444 0:44 O: 4A Or AANA O:43 0.43 dOaae 
32 0. 50 0. 50 0. 50 0. 49 0. 49 Oop O48 0. 48 0:48 i 0. 47-70-89 
33 0. 56 0. 56 0.55 0.55 0.55 0.54 0. 54 0. 53 0. 53 O:. 53". 4Oase 
34; 0.62 O. 62 OL pT O. 61 0.60 | '0.60.} 0.60) 0.59 0. 598) 0. 53) so see 
Bon oO200 90-0: 69. sO 2080 0. G6 it BONO 0::67' 1 s0.s6601> 50. G02 ie Guos 0. 65 | 0. 65 
36 O. 77 OLTOHT! O17 0 O. 75 0. 75 Os FAsie Oss a Pay ie O73 On. 72 aaa 
37) 0. 85:4 -0784.1. 0.84] 0.83.) 00.83] 10.827) 058251010. 81s en. SOslmaO oo anes 
30. |F O94 170.5931) 0. 93 O. 92 0. 92 O. OI 0.90 | 0.90] 0.89} 0.88 | 0. 88 
39 | 1.04 1.03 15 O38 £102 ror L201 1.00 | 0.99: } 0) 99091900. OS eM anag 
40 1B rie a Ach ae ee ec) Vea nike Pest I. 10 TLIO I. 09 1. 08 121.07 
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TABLE 6.—The first term of the evaporation in a calm—Continued. 









































é, de 

,==0.100 eas" 
15.0 15.1 Lobe 13:3 15.4 15:5 15.6 Dey. 15.8 15.9 | 16.0 
Win eerey O. OI O. OI O. OI O, OI O. OI O20] O. OI O. OI COMO, OF 
1 O. OI O. OI O. OI O. OI O. OI O. OI O. OI oO. OI GvOr GO, Ole hOLGt 
Zire; OF oO. OI O. OI O. OL O. OI O. OI O. OI O. OI OL OlsteeG, OLsirG: Ot 
3 O02 O. 02 O. 02 0: 02 O. OI O. OI O. OI O. OI O. OI O.O1- 0.01 
mata, 0. O02 O. 02 O. 02 O. 02 O. 02 O. 02 O. 02 O. 02 O. 02 0.02 | 0.02 
Oe OF02 O. 02 702 OrQ2 O. 02 O. 02 0.08 O. 02 O02 C702. 0, 02 
OLlet 0. OF O. 02 O. 02 O. O2 O. 02 O. 02 O. 02 O. 02 O. 02 07.020 0x02 
ec O3 OF040  .OL03 O. 02 O. 02 0. 02 O. 02 O. 02 O. 02 0.02 | 0.02 
Su 26, 03 0. 03 0. 03 0. 03 O10 % O. 03 0. 03 Oo. 0% O. 03 0.03 | 0.03 
Oar 02 O. 03 0. 03 0:03 O202>1mmO, 03 0. 03 0. 03 O09 0) 0400.04 
Unmet ode &O7Od" |") 0.0471 OF04) | 0.04: | 0,04] 0.04 7, 0:04.) 0.04 G_ 04/110, Of; 
11 COOGAN IOwO4, |. O47 | (0.04) - "0.04 | “OD04. 19, 0, 04 ||) Or04 | 0.045). 0204 
F271 <0, 05 0.05 0.05 0. 05 0. 05 0. 05 O. 05 0.05 G.704>), OG. 04 i 0.04 
eis 0. 05 0. 05 0.05 0.05 0.05 GOs 0. O05 0.05 0. O05 O20 Sn s 
14 0. 06 0. O06 0. 06 0. 06 oO. 06 oO. 06 oO. 06 0. 06 0. 06 0.06 | 0.06 
Pte O. 07 O. 07 O. O7 O. O7 0. O7 OrO7 NO) 07 OFo7 On07 0.06 | 0.06 
16 0. 08 0. 08 0. 08 0. 08 0. 08 0. 08 0. 08 ©, 07 O. O7 OF 0740, OF 
17 0. O9 0. O9 O. O9 O. O9 O. O9 0. 08 0. 08 0. 08 0. 08 0.08 | 0.08 
Theme. 1 O10 12 -O810 | (0) 10°) > 0; 10 | 0.09 0. O9 OF0U san OA0Q" yO, OG. OO 
FOei 0. 11 Ohi Of I Out Oat Onrt Cant Orit O. II OnTOM O10 
2091.0) 12 Gul? O.12 On 72 Oat al. Onr2 Oni2 One OlIgOorre 
21 Om teeO rAm ent 45) 40, 140). 0014.) (0. 14-0, 18 Cats are Oot bOmns 
22 On16 oO. 16 0.15 Ours 0.15 0.15 Only OnLy 0.15 OTs! Outs 
23 0. 18 Or 1% Gul? OF17 OnL7 O. 17 Ost} aly: Only, Onl Wyn Gr 1a 
ote eso 0,208) O.19 Onl ac Os1Oo) O10) Ve. On 1Ouh (Ont 0 17 O.019 OLGMOFrS 
Zoe; 22 O22 0.22 O. 22 On2T On2T O. 21 O21 0.2% O.21 Oat 
26 O. 25 O. 24 O. 24 ora O. 24 O. 24 O. 24 Oye ie O. 23 OP23, 8 Or28 
27 O. 27 Qn27 O27 O27, 0. 27 Gre, oO. 26 02720 oO. 26 0:26) 0226 
mea |e 0.21 G73201h20040 OPFOR ae On 3O OPO. Ong O. 29 0. 29 Of25 6 Ona 
29 O. 34 Ong A O. 34 0133 0, 32 Or33 0:33 0733 One2 O, 8200; ae 
30 0. 38 0. 38 oO. 38 O37 O. 37 0:37 Ore 0. 36 O. 36 0.36 1.0.36 
31 O. 42 O. 42 O. 42 O. 42 O. 4I O. 41 O. 4I O. 41 0.40 | 0.40] 0.40 
Je O. 47 OrAG oO. 46 oO. 46 0. 46 0. 46 0. 45 O. 45 0. 45 0.44 | 0. 44 
33 e528 ie O52 O. 52 O. 51 O. 51 O. 51 G50 BON5O se .O. 501 LOP4 OO. 4G 
34 0153.4 40.58 GH5 7 Ons; 0.57 0. 56 0. 56 0.55 0.55 0.55 | 0.54 
Spee noe 040) 0; O4s| 40, 63 | 0.63 | 0. 63'| -0, 62%) 0:62 1 0. 61)| (0. 61 | 0: 61 
SO0uneOr-72 a7 1 On7t iim? Or OV TON FO, 00" eO.. OGy Lee bs Oar Fv OL0S, |? 50, OF: 10:67 
of 0. 79 0. 79 a,78 0. 78 Orn Orn O70 Oo. 76 0.75 OF 5.4 On 7A 
a5 770. 88). 0.87 oO. 87 0.86 | 0.86| 0.85 OBA tesO8o4. ih OnS3 0/33, O62 
Semoun OF 0.00 }.10:95 | 0295 | 0.94°)) 0194-140. 93 |. 0.92 0. 92) O2OT 
40 FLOme 7107 1.06 £205 1.05 1.04 1.03 Teas Pate ree ope jay cate fe 
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TABLE 6.—The first term of the evaporation in a calm—Continued. 








é, de 
KE; =0.100 Ca nice 
Ca 16.0 16.1 16.2 16.3 16.4 16.5 
0 | .0. 01 O. OI O. OI O. OI O. OI oO. OI 
1 O. OI oO. OL O..01 oO. OI oO. OI oO. OI 
z O. OI O. OI O. OI rik O. OI oO. OI 
34] '0. O01 oO. OI O. OI O. OI O. OI O. OI 
4} 0.02 O. 02 O. 02 O. 02 0. 02 0. 02 
D0, G2 O. 02 O. 02 O. 02 O. 02 O. 02 
6] 0.@2 O. 02 O. 02 O. 02 O. 02 O. 02 
12 O° O2 O60, G2 8 G2 G24 HOO? 1 LOrG2 a) eG 
BOs O35 0.03) 20. @2 O03 Num Os als OnG4 
OFS O..G3 4) ae. O31) ay, OS ota) O2 Fl G3 a aes 
LOFT OvOA le, O31 Os O27 1 O-O3 4) OL aa O. 03 
11 O: O45).2 0°04 1090. O41 0. GA) 10040). lOror 
12 O. O4 O. O4 0:04 1 0..04/) 0. 04 O. O4 
13 | 0.05 | 0.05 O. 05 O. 05 O. 05 0. 05 
14 | 0.06 oO. 06 0. 06 oO. 06 O. 06 oO. 06 
15-0. 06. 1290.06 40. G0uls (0:06 0} 44.0, GOUlE Or G6 
16 409007 4 aD. 07 GeOF7 OG ew 6O.a7 O. O7 
Lid} 120, O83)" (0.08 4 92G8 50.08 1) 0.08) 50.08 
13.3 40.09 4) 0, GOs 020071 £07.49 O. 09 O, 09 
19 Oo. 10 oO. 10 O. 10 O. 10 Oo. 10 ke 
20 GOsI2 Dake eR. Okt O. II oO. II 
Za O,13 0.48 0.13 O403 0.13 0.13 
apd OL 5 O. 15 0. 15 O. 14 O. I4 Ovi g 
23 ORPULS, 0.10 oO. 16 oO. 16 oO. 16 oO. 16 
24 0. 18 0. 18 o. 18 o. 18 0. 18 0. 18 
25g as 31 O-204) 50.20 1-80. 20 ga. 204) ba. 
26 O. 2 O13 O23 Ogee O. 22 OF22 
27 i 078025220. 265 1G.,8 rains Lite yoga pe! Bel od eRe) 
23 \..0720 +1020; 2 0, O85) 0, 23a) 90.2551) 32s 
29) <0. 32 ohne 2 One O..31 O31 O. 31 
e204 HO 8071 aco. s Oe Ol ge O. 35 O.25 O. 35 
31 Oo. 40 oO. 40 O. 39 O. 39 0.39 0: 29 
925) 004A +) SOA gO 44) DAB) 0. 43510 0; 435 
33 0.49 | 0.49 0. 48 0. 48 o. 48 0. 48 
34} 50.54.) 0.542) 0.54 1.0.53.) 00.53 1) 5 0: 63 
35 0s OF 4) ~.0:.60- 1.1, GOO. 5 Aa). 50 wea ne) 
30.) 2-0..67 O. 67 0.66 | 0.66 0. 65 0. 65 
SIM OD. Fac mOsm Oe Teale 9.93 O. 72 
38 on Cee 0.82 | 0; Bt Oo. 81 0. 80 o. 80 
394) 40,01 oO. 91 0; GOs)" 0: G07) 50760 sone as 
40 I. OI ¥, QO) (0..90 +} /*0..90 0.98 | 0.98 
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TABLE 6.—The first term of the evaporation in a calm—Continued. 


e, de 
E, —0O. 100 Ca a 




































































17.0 17.1 Wie Wat 17.4 17.5 17.6 L770. 21'7.8 17.9 18.0 
O15 %0:'01 O. OI O. OI O. OI O. OI oO. OI O. OI OLOr O. OI OF OL, O2G% 
1 O. OI O. OI O. OI O. OI OF OF O. OI O. OI oO. OI Oo. OI WOT OrOl 
Ze 7 OI O. OI O. OI O. OI O. OI O. OI O. OI O. OI O. OI OFOIn), OF OF 
JeheO. OL f 0.01 oO. O1 O. OI O. OI O. OI O. OI oO. OI O. OI D..ORM4.0, 01 
4/| 0.02 O. 02 O. 02 O. 02 O. OI O. OI O. OI Oo. OI O. OI O.O1 | 0.01 
Se O,.02 0. 02 O. 02 O. 02 0, 02 O. 02 O. 02 0. 02 O. 02 0.02 | 0.02 
OMe: O2 O24; O, G2 OF 021750202) 44"0-.02 O. 02 O. 02 O. 02 OF 021 07-02 
eG? O2 O. 02 O. 02 O. 02 0. 02 O. 02 OV O24 10702 O. 02 0.02 | 0.02 
Semon Ol. EO. 03% |) (0.03). 0! 02 0. 02 0. 02 Grosso: 2 O. 02 0,02 + 0.062 
ee 0 5 OF O33 0.03) 0.03 4, 0.03 1w.0.03) 0. 03° 0.03) 0,03 | +003 | 0.03 
105) 40.03 O. 03 0. 03 0. 03 O. 03 0. 03 0. 03 0. 03 0. 03 0105920503 
11 0. O4 OLGA MS O.O4? Vil O.GAl) LOLOF | (0/041 0. OLR 60/04 0. O4 0.04 | 0.04 
P2204 2D. O45) 20. O04}, 0.04 0.04): 0.04 | 0.04}. 0.04} 0.047} 0.04.1.0-04 
13 0. O5 O. 05 0. 05 O. 05 0. 05 0. 05 0. 05 O. O5 0. 05 0.05 | 0.05 
SGueOO 50. O51) 20:05 11." 0.05 | 0.05 1. 0.05 O. O05 0. 05 0. 05 0.05 | 0.05 
Pee 060,06") .0.06 | 0.06.4 "0, 06'|~ 0.06) 0:06 | 0.06},.-0.06 |. 0.06} 0,06 
1O355'05,07-)- 0..07 O. O7 OQ. O7 0.07 C1079 20:07 O. O7 O. O7 0,07 | 0. 07 
17 0. 08 0. 08 0. 08 0. 08 0.08 | 0,07 O. O7 0. O7 0. O7 OOF 4 O107 
fammeOrag 5.0, OF 60.00 | 0.08 4) 0.08 £0208 } 0.08 “0/08 | 0.08 1, 0.08) 0.08 
LOMO MO FO. 104) 1031071 ~O, 10 | 7.0, 10 } 0. 09 0.:09 “he 0.06) & 0500 115°0, 09" 0,06 
2009 0.11 O,51 Cane O. II oO. II OAL Lt Osii O. II oO. II 0210 | O710 
21 Ori2 O12 Oni2 Ontos O22 Ons Ont? On12 Our. O. P24 On 12 
22 Pal POs Ad OTA) 60.14 ys O, 54 10.13 O. 13 One Owns 0.134 Ong 
Pou OTS Ost Sei O2TS OEPeet Onto. ONES | LOst srt mOet Sal) O86 iO. 2a Oats 
Cement et ea eOet Taw Ot7 1) FO.179) 0.07 1) “Owl? 4 0.17.1 <0. 17 1) 0. 17 170.16 4.0016 
POT wO.LOn+ O. 1G1)%,0.19 | -O219 |" 0, 194° "0. 19") -,0.. 1911 0, 19. 1 -0OF18- 1-0. 18 
2G4. 10.22 G22 O22 O. 21 On2T O. 21 O. 21 O. 21 ome | ©. 224 UOR20 
P(e tAMN A. O.24 5 01247) 10,24 4 0. 2 On mk Pepe ee bese we toons me weer Wen ter) 
eo LOL? O.27 27 Ong 022041640; 26. 4..°0.:265) 60,26.) 0.269 8072641 (0,26 
Poms Oe en 30.| 0.30 |” 0:30 | >.0,29°), 0.29 |: 0.29 | 0229] +0. 29 }) 0. 29-|' 0; 28 
Sums Ae, 340) 0.9339) 80. .23 | O33 4033 | "0. 33.) 0. 32 O32 Orso) 0.23 
31 0.39 Or aut O/37 Os, ORY GO: 20 O. 36 0.36 G0: 36.47 "0586 7 OF35 
S24) 70.42 O. 41 O. 41 O. 41 O. 4I Ord Ot ROL 40 iy Ord GOO 409) 2 ONZG 10930 
33 O40). 0-46.7--0)46 4 0.45 O. 45 O. 45 O. 45 Ona Oss Aa, OcAAm Or Aa 
S42 le O57 O51 O. 51 0550.10.50 4" 0: 56-4). 0.49 0.4047 20240 4 0.269 1/0748 
35 0.57 0. 57 0. 56 0. 56 0. 56 0.55 0.55 0.55 O. 54 0. 54 | 0. 54 
SOO Mla a0 O, 62°) 0..02°) 0.62 | 0.61 | 0. 61°). 0,644-.0.60 |} 0.60} 0.60 
Seo Teu Oyo 10.69 |: 0.69 | 0.68} 0.68} 0.68} 0:67°|~ 0.67 | 0.66] 0.66 
Samra ety 7 7400077 |) 0,70 20.76 1) 0275 ).,0675 1/.0..74-| 0.74 | 0.74 1 0, 73 
BO mere SO tO, 85 1.0. 85.1. 0.84 | 0.84 | 0.83 | 0.83) | 0, 82 0.152) OO. G2 Orr 
BOO ORO. O41) 230.94. 16 0.93 | 0. 93-1} 0.92.) 0. 92 0. QI 0. OI 0.90 | 0.90 
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TABLE 6.—The first term of the evaporation in a calm—Continued. 

















as e, de 
Py ==0:100 2, dS 

eq 18.0 18.1) 18:2 18.3 18.4 18.5 18.6 18.7 18.8 | 18.9 19.0 
UNCTO. OT O. OI O. OI O. OI 0,01 O. OI O. OI O. OI O. OI 0. O15) Ton 
Lue O01 O. OI O. OI oO. OI oO. OI O. OI oO. OI oO. OI O. OI O. OI *|-0,08 
Z O. OI O. OI O. OI O. OI O. OI 6,01 O. OI O. O1 O. OI O/0T agen 
) O. OI O. OI O. OI O. OI O. OI O. OI O. OI O. OI O. OI 0. OI |.0. 01 
4 O. OI O. OI oO. OL 0. O1/)|*. 0; OF O. OI OO. One Oran O. OI 0. Olu OsOe 
5 0. 02 O. 02 O. 02 O. 02 O. 02 O. 02 O. 02 0. 02 O. 02 0. 02 |,Gn02 
6 O. 02 0. 02 O. 02 O. O2 O. 02 O. 02 O. 02 O. 02 O. 02 0.02 | 0.02 
7 0. 02 O. 02 oO. 02 O. 02 O. 02 0. 02 O. 02 O. 02 O. 02 0: O24 Ff Ones 
8 | 0.02 O. 02 ©. 02 O. 02 0. 02 O. 02 O. 02 O. 02 O. 02 0.02 | 0.02 
9 0. 03 0. 03 Gfas 0. 03 0. 03 0. 03 0. 03 O. 03 0.03 | 0.03 |*OGe 
1 OSG" G3 0. 03 0. 03 O03 0. 03 0. 03 O. 03 0. 03 0. 03 0:03 0,;62 
il 0. O4 G. 03 0. 03 O. 03 O. 03 O. 03 On02 0. 03 O. 03 0. 03 1707 G8 
12 O. O4 O. O4 O. O4 O. O4 O. O4 O. O4 O. O4 O. O4 O. O4 0.04 | 0.04 
13 0.05 | 0.04 O. O4 O. O4 O. O4 0. O4 O. O4 O. O4 O. O4 0.04 | 0.04 
14 O., 054) S0.-05 0.05 0.05 0.05 0.05 0.05 0.05 0. O5 0.05 | 0.05 
15 0. 06 0. 06 0. 06 0. 06 0. 06 0. 06 0. 06 0:06 | 0.05 0.05 | 0.05 
164. 0. 07-|'>.0. 06 |. 6.06) 0.06"), .0. 06.) 0706+] 0:06. |" 0,06.) “Gr 06 ss 10..00m mae 
17 0507 0.07 on07 O. O7 O. O7 O. O7 O. O7 O. O7 0. O7 O. 07 10,107 
18 0. 08 0. 08 0. 08 0. 08 0. 08 0. 08 0. 08 0. 08 0. 08 0.08 | 0.08 
19 0. 09 0. 09 0. 09 O. 09 O. 09 0. 09 0. 09 O. 09 0. 09 0.09 | 0.09 
20 oO. 10 oO. 10 ©. 10 GOTO O11 oO. IO Oo. IO 0. 10 0. 10 0. 107 }20mre 
Zi 0212 Orig Q. 12 oO. II Omit O..11 Gane Loria OAT O) 12 oe 
22 OrT3 OLTe G13 Oris On O13 14702 13a ps 0.13%. 20, 32 Sees 
23 aS 0. 15 O. 14 oO, 14 O. 14 O. 14 Oo. 14 O. 14 O. 14 0. 14-}@ree 
24.) (0216 | 0.16 | O..16 4}! 0016 |; 0016 +. 0. 16°) 2.0; 161).0; 165 O16 econo arene 
25] 0.18-|. 0. 18.|..0, 18.) 0, 18], 0.18%) 0.18.) 0:18)-"0.18 196,18 10 Cae 
26 | 0. 20:1 0. 205)" 0.20.) 0.20} 0:20°|. 0.20.4) 50.204" 6.20 1-6) 2041.0, ome 
27 On O. 23 OF23 O. 2 O. 22 O. 22 0.22 ore? Onge O. 22 WiGaee 
28 O. 26 O. 25 O. 2 O. 25 O25 0.25 A235 0. 25 O. 24 0..249| (One 
29 oO. 28 oO. 28 oO. 28 oO. 28 O. 28 O. 28 OPIS MeO? 0527 0) 27 Greg 
x30 O32 Ore Ost Oa di O. 31 Orat oO. 31 O. 31 O. 30 0.30). Ora 
SI O. 35 O. 35 On3s O. 35 O. 35 O34” OVS enw taal ee sa 0: 34) | Deas 
32 O. 39 O. 39 O. 39 0. 39 0. 38 05 385]s FOAZGAISO..36 Oo. 38 0. 37 1yOname 
33 O. 44 O. 43 O. 43 O. 43 O. 43 O. 42 O. 42 O. 42 0. 42°). 0.427) Gua 
34 oO. 48 0. 48 Oo. 48 0. 48 O. 47 O. 47 0.47 | 0.47 oO. 46 0.46 | 0. 46 
35 O. 54 0. 54 0. 53 0. 53 0. 53 O. 52 O. 52 O. 52 O. 52 O. 51. \Gese 
36 0. 60 0.59 0.59 0. 59 0. 58 0. 58 0. 58 0.57 O. 57 0.:57 \tOsu 
37 0. 66 oO. 66 0. 65 0. 65 0. 65 O. 64 O. 64 oO. 64 oO. 63 O. 63 | 0. 63 
38 O73 On OVS HPO, Fe On 72 O:71 Ona 0. 70 Oo. 70 0. 70" | O..66 
39 | 0.81 oO. 81 Q. 80 } 0,80 + .0.'79 |) 0. 791), 0,.78\) OF78.) 01.78 iia aae OE 7%, 
40 | 0.90| 0.89 0. 89 o. 88 o. 88 OCS7 Oo. 87 0. 86°]. 0. 86.|: 0. 85 aioues 
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TABLE 6.—The first term of the evaporation in a calm——Continued. 

































































ba é, de 
Ei==0/100 aS 
19.0 19.1 19.2 19.3 19.4 19.5 19.6 19.7 | 19.8 19.9 20.0 
0 O. OI O. OI O. OI O. OI O. OI O. OI oO. OI O. OF OFOL OnOW.O: OF 
1 O. OI O. OI O. OI oO. OI O. OI O. OI ORO O. OI O. OI QUOF) | OL OF 
Zee. OF O. OI O. OI O:01 4 02 OF O. OI O. OI O. OI O. OI O.01s# OF O18 
SOF O. OI O. OI oO. OI O. OI oO. OI O. OI O. OI O. OI 0,01 .Or OT 
a 1 O. OL 0. O1 oO. OI O. OI O. OI O. OI O. OI oO. OI O. OI OS0L. OF OF 
Cel Genres: 0. 02 0. 02 O. 02 O. OI 0: OI oO. OI O. OI O. OI O.OI | 0. OI 
Onn-0. 02 0. 02 Oo O. 02 O. 02 O. 02 O: 02 O. 02 O. 02 G, OF 0; '02 
Te rO. 02 O. 02 O. O2 O. 02 O. 02 0. 02 O. 02 O. 02 0. 02 G; O24) OF 02 
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TABLE 7.—The second term of the evaporation for the wind effect. 
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